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PREFACE 



THE NINTH EDITION. 



It was with some hesitation that I undertook the 
task of writing the first edition of this book, feeling 
as I did that a number of chemical works of a high 
character were already in existence. From the point 
of view of a teacher brought continuously into contact 
with large classes being taught under the regulations 
of the Science and Art Department, and also with 
other students preparing for various examinations, I 
felt there was still something wanting in the way of 
a text-book specially arranged to meet these require- 
ments, and hence the first appearance of the present 
book. The work, when published, received a welcome 
both from teachers and the press far exceeding what 
I had ventured to hope or expect. Six years have 
now elapsed since that first edition was written ; 
during that time considerable changes have been 
made in the chemical syllabus issued by the Science 
and Art Department Among the most important 
of these was the publication in 1885 of an ' Outline of 



vi Preface. 

Experiments suitable for illustrating Elementary In- 
struction in Chemistry,' prepared by Sir H. E. Roscoe 
and Dr. W. J. Russell. This Outline of Experiments 
was commenced with the significant remark that 

the following notes have been prepared as some guide to the 
teachers as to the general character of the course of instruc- 
tion expected in the elementary stage. It includes instruction 
that should on no account be omitted, but must be con- 
sidered rather as suggestive than exhaustive. 

As a consequence of these alterations it became 
absolutely necessary that a text-book for the use of 
students of classes connected with the Science and 
Art Department should include the whole of the 
subject-matter indicated in this recent addition to the 
syllabus. In order to attain this end I have carefully 
re-written the whole book, and, disturbing the original 
plan as little as possible, have incorporated with it 
any additional matter required to make it fully meet 
the requirements of both students and teachers. A 
number of additional questions have been added to 
those given at the end of the book. In particular, 
greater attention is given to the exercises on chemical 
calculations : a number of typical examples are selected 
and worked out in detail, in order to illustrate the prin- 
ciples involved. In this edition the paragraphs are num- 
bered and have side headings. The more important 
statements and definitions are printed in bolder type. 
These modifications will, I hope, be of assistance to 
the student 



Preface. vii 

A number of both students and teachers have 
pointed out to me that they have been using this 
work in preparing for the matriculation examination 
of the London University, but have been inconveni- 
enced by its not covering the whole of the syllabus 
of that examination. In the present edition chapters 
have been added in order to supply this want ; ac- 
cordingly the book in its present form embraces the 
whole subject-matter necessary. At the discretion of 
their teachers, Science and Art Department students 
may omit this additional matter, which is contained 
in the following paragraphs: 108-1 10, 116-129, and 
195 to end. I strongly recommend them, however, 
to read at least the intermediate paragraphs referred 
to, as by so doing they will gain a more complete 
elementary knowledge. 

In conclusion I wish to tender my thanks to both 
reviewers and teachers for the kindness with which 
this book has been received in the past, and for the 
suggestions as to increasing its usefulness with which 
they have favoured me. Many of these have been of 
considerable value, and so far as practicable have been 
adopted. 

WILLIAM JAGO. 

Science Schools, Brighton 1 
January 1888. 
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CHAPTER I. 

INTRODUCTORY. 

2. Definition Of Chemistry.— Phenomena are con- 
tinually taking place around us to which we give the name 
of 'chemical actions.' For instance, a piece of bright iron 
speedily rusts when exposed to damp air ; miSk, as a result 
of exposure to the atmosphere, turns sour and acquires 
properties strikingly different from those possessed by that 
fluid when first obtained from the cow ; coal, wood, and a 
host of other bodies, which are classed together as com- 
bustibles, burn on a light being applied to them, leaving in 
most cases no visible residue beyond a small quantity of 
ash. It is the function of the chemist to investigate these 
changes, and ascertain, as far as he can, the nature of the 
substances participating in the action and its causes. 
Chemistry, then, may be denned as 'that science 
which treats of the composition of matter, of 
changes produced therein by certain natural forces, 
and of the action and reaction of different kinds of 
matter on each other.' 

, ■ . ,Goo5le 



2 Text-Book of Inorganic Chemistry. 

The word 'matter,' which is here used, is employed 
scientifically to signify anything which has weight, i.e. which 
is acted on by gravitation. Stones, earth, water, and even 
gases, are matter. 

2. Experimental Study necessary.— There is no 
science which is not better studied by the aid of experi- 
ments than without ; but while this is simply an additional 
advantage in some other sciences, it is absolutely necessary 
in the case of that of chemistry. 

This book is intended, not only as a text-book for 
theoretical study, but also as a guide to practical work in 
the laboratory ; the experiments are, for this reason, not 
referred to descriptively, but, instead, practical directions are 
given for their performance ; except in some few instances, 
where they are of a nature more suited for the lecture table 
than to be tried individually by each student of a class. 

It cannot be impressed too strongly at the outset that 
chemistry cannot be thoroughly and efficiently mastered 
without this work being actually performed by the student, 
and not merely seen performed. His own mind and hands 
should put Jhe experimental question to nature, and his own 
powers of observation must learn to accurately interpret her- 
answer. 

The student will find at the close of this chapter some 
directions and hints for his use on first commencing work 
in the laboratory. He will, in all probability, have had 
the advantage of seeing the experiments performed by the 
teacher during the lecture preceding the laboratory lesson. 

3. Characteristics of Chemical Action.— It is first 
necessary to carefully distinguish between what are merely 
alterations in the physical properties of matter and what 
are real chemical changes. This is best seen by an actual 
experiment 

Experiment 1. — Heat a piece of platinum wire in the flame 
of a Bunsen gas lamp ; it immediately becomes white hot ; re- 
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Characteristics of Chemical Action. % 

move it, and, as the wire cools, it once more regains its original 
brightness. It is not in the least altered, not even tarnished. 

Next heat in the same way a piece of bright iron wire : 
this is tarnished, but otherwise will have undergone no great 
change. 

Next place a piece of magnesium wire or ribbon in the 
flame ; it bums with a dazzling white .light, depositing a white, 
easily powdered body, composed of oxygen and magnesium, 
and known as magnesia. 

In the first case the change produced is merely physical, 
and although the hot wire possesses properties which are 
absent in the cold, yet on the wire losing its heat it again 
regains its previous characters. With the iron wire a slight 
permanent change is produced on the surface : this is of a 
chemical character, but the main portion of the wire is 
unaltered. In the third instance a vigorous chemical 
change has occurred ; the magnesium, as such, has entirely 
disappeared and a new body takes its place. The student 
hereby learns that chemical changes are distinguished 
from those of a merely physical character by more 
or less striking permanent alterations in the appear- 
ance, and properties of the substances ' involved 
therein. The following are additional examples of changes 
produced by chemical action. 

Matter occurs in three states, solid, liquid, and gaseous ; 
chemical action is very frequently accompanied by a change 
from one of these to another. 

Experiment 2. — Place in a test-tube some dilute sulphuric 
acid, in another about the same quantity of solution of calcium 
chloride ; notice that each is a transparent, colourless liquid. 
Add the one to the other ; in a few seconds the whole has be- 
come a solid mass, and the test-tube may be inverted with only 
a few drops of the liquid running out. In this case a new body 
has been produced, called calcium sulphate, which combines 
with a portion of the water present to form a solid. 

Not only may liquids be converted into solids, but 
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solids in very many chemical changes are transformed into 
gases. 

Experitnent j^Light a piece of candle : it gets less by the 
act of burning, and ultimately would entirely disappear— the 
solid fat, composed of hydrogen and carbon, is being changed 
into gaseous compounds. Hold a cold surface, as the outside 
of a porcelain dish filled with water, in the flame : it gets 
blackened, owing to the separation of carbon as soot or lamp- 
black ; and also becomes wet, through the deposition of water 
produced by the combination of hydrogen with the oxygen of 
the atmosphere. 

Pour into a glass gas jar, or colourless glass bottle, of about 
a pint capacity, a layer of half an inch of clear lime-water ; shake 
up the jar, the lime-water remains clear. Next take a small 
piece of candle and fix it in a deflagrating spoon ; light it and 
place in the glass jar ; it soon goes out ; again shake the jar 
— the lime-water now becomes turbid through the formation of 
a compound of lime and the carbon dioxide produced by the 
oxidation of the carbon of the candle. 

The small wax tapers used for lighting Christmas trees, &c*, 
are very suitable for these experiments. 

Although, in burning, the candle disappears, the bodies 
of which it is composed can thus be traced ; for the disap- 
pearance of the candle is accompanied by the production of 
water, and also an invisible gas, which evidently differs from 
ordinary air, because it turns the lime-water milky, while, as 
the student will have seen, air is unable to produce this 
change. 

4- Indestructibility of Matter.— By experiments 
similar in principle to that just described, but of a more 
exact character, in which quantity is estimated, it is found 
that the whole of the matter present before the combustion 
still exists after. Matter is indestructible ; and conse- 
quently the same weight of material remains after 
any and every chemical change as there was before 
its commencement. 

- 



Indestructibility of Matter. 5 

Experiment 4. — Take a glass chimney, such as is used for 
Argand lamps ; fit a cork to each end i bore several holes in the 
lower cork, one being in the centre and of a size to fit a small 
taper, which must be inserted in it. Thrust a piece of wire 
gauze about two-thirds of the way up the chimney, so as to form 
a tight plug ; fill this upper chamber with fragments of caustic 



soda ; bore a hole through the centre of the top cork and pass 
a piece of small glass tubing through. When complete, weigh 
the whole apparatus carefully ; next place it in a retort-stand 
and, by means of india-rubber tubing, connect with the short 
tube passing through the cork of a two-gallon can, filled with 
water, having a stop-cock at the boltom. Open this cock, and, 
as the water runs out, it causes a current of air through the 
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apparatus. Take out the taper, light, and quickly replace it ; 
allow it to burn for three or four minutes, then turn off the cock 
— the taper goes out ; disconnect the tubing from the top cork 
and again weigh ; the weight has increased, owing to oxygen 
having been taken up from the atmosphere by the burning 
taper; it has combined with its constituents to form water 
and carbon dioxide respectively. These compounds are both 
absorbed and retained by the caustic soda. The apparatus is 
shown in Fig. I. The student, working in a laboratory, will pro- 
bably find these pieces of apparatus already prepared ready for 
use. As there is not likely to be a sufficient number for each 
student to try the experiment at the same time, it must be taken 

So far from the burning of a candle being accompanied 
by any loss of its constituents, the weight of the resultant 
products is greater than that of the candle itself, because 
they contain in addition the oxygen removed from the 
atmosphere. Matter being indestructible, it follows that 
when chemieal combination occurs between sub- 
Btanoes, the weight of the products is exactly the 
same as that of the bodies previous to chemical 
action. Proof of this statement will be afforded by experi- 
ments described in later chapters. 

5. Distinction between Mechanical Mixture 
and Chemical Union. — The student who has carefully 
performed the preceding experiments will scarcely need to 
be told that chemical combination is widely different 
from mere mixture. In the latter case the resultant 
body is a mean in appearance, specific gravity, &c, between 
its constituents : they still each possess their individual 
properties, and the separate particles may be seen with 
sufficient magnifying power. 

Experiment 5.— Take some finely divided copper; notice its 
colour ; mix intimately with powdered sulphur ; the mixture 
has a tint intermediate to that of the substances when separate. 
Place some of the mixed powder in an evaporating basin, and 
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wash with a gentle stream of water ; notice that the sulphur is 
carried away, and that the heavier copper remains behind. This 
and several other methods may be employed to effect their 
mechanical separation, which is easily done, as there is no union 
between them. Next, place some of the mixture in a dry test- 
tube, and heat ; observe that the sulphur first melts, and that 
shortly after the whole mass glows brightly. When cool, ex- 
amine the resulting substance ; it is of a bluish-black colour, 
brittle, and one of its ingredients can no longer be separated 
from the other by the action of water or mere solvents. A new 
body has been formed by the union of the sulphur and copper, 
known as copper sulphide. 

Wot only does chemical combination produce 
bodies different from a mixture of the constituents, 
but it is also accompanied by an evolution of heat. 

In addition to the proofs of this statement afforded by 
previous experiments, the following shows the production of 
heat by chemical combination in a striking manner. 

Experiment 6. — Place a few fragments of recently burned 
quicklime in a saucer or evaporating basin, and pour in suffi- 
cient cold water to just moisten the lime. In a short time the 
lime becomes very hot, and the water as such entirely dis- 
appears. 

The heat in this experiment is due to chemical com- 
bination between the water and the quicklime, 

The difference in appearance of bodies as a result of 
chemical combination and the production of heat are two 
of the principal characteristics by which a chemical union 
between substances is detected. 

6. Element, Compound, Mixture.— It is well at 
this early stage of study to have accurate and concise 
ideas of the meaning attached to the terms, element, &c. 
Definitions are therefore appended : — 

An ELEMENT is a substance which has never 
been separated into two or more dissimilar sub- 
stances. * 
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A COMPOUND is a body produced by the union 
of two or more elements in definite proportions, and 
consequently is a substance which can be separated 
into two or more dissimilar bodies. Compounds 
differ in~appearance and characteristics from their consti- 
tuent elements. 

The term MIXTURE is applied to a substance 
produced by the mere blending of two or more 
bodies, elements or compounds, in any proportion 
without union. Each component of a mixture still 
retains its own properties, and separation may be effected 
by mechanical means. 

7. Synthesis and Analysis.— In the experiments 
hitherto performed the operations have been of tHe kind 
known as 'synthesis,' that is, the putting together of 
elements and building up new compounds. Another most 
important mode of chemical investigation is ' analysis,' 
which consists of decomposing bodies, resolving them into 
their elements or simpler compounds. 

Experiment 7. — -Place some red mercuric oxide, about as 
much as could be heid on a threepenny piece, in a dry test- 
tube ; close the mouth loosely with the thumb and apply heat. 
Notice that the colour changes from red to black, the oxide 
gradually disappears, and minute globules of metallic mercury 
condense -on the upper part of the tube. Next light a splinter 
of wood, a match will do very well ; when well lighted blow out 
the flame, and introduce it while still glowing into the tube ; it 
immediately again bursts into flame, thus showing the presence 
of the gas called oxygen. 

In this experiment a compound has been separated into 
its two elements ; or in other words its analysis has been 
effected. 

8. Relation of Chemical Action to Force.— It 

has been already stated that when chemical combination 
occurs heat is generated ; in order to effect the change 
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described in the last experiment heat has been used and 
has disappeared as such, being stored up in the elements in 
the form of the available or potential energy of chemical 
attraction or affinity. If the mercury and oxygen are again 
caused to combine the act of reunion will once more set 
free the exact amount of heat that was necessary to effect 
their decomposition. Many instances are known in which 
bodies that evolve a certain amount of heat on uniting may 
be again decomposed by being subjected to a more intense 
heat. In all such cases the quantity of heat evolved 
during chemical combination is exactly equal to 
that requisite to effect the decomposition of the 
resultant body. 

Further, by proper appliances the chemical action of 
elements entering into combination may be caused to 
produce electricity ; and electricity in its turn is competent 
to dissociate the elements of compound bodies. There is 
in this case also a definite -relation between the amount of 
chemical action and the quantity of electricity produced. 

Force is denned as that which is capable of 
setting matter in motion; consequently chemical 
combination must be ranked among the forces ; for 
such chemical actions, of which the combustion of coal is a 
typical example, generate heat, and thus indirectly, as in the 
steam-engine, constitute our most valuable means of setting 
matter in motion and overcoming resistances generally. 

0. Relation between Gravitation, Cohesion, 

and Chemical Attraction. — Matter is maintained in its 
normal state through the Universe by the action of three 
most important forces— gravitation, cohesion,. and chemical 
attraction. The first of these acts through all space, and 
exerts an attraction between all matter. Cohesion acts 
only across non-appreciable distances, holding together the 
particles of solids, and also, though to a much less extent, 
those of liquids. 
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Experiment 8. — Attach a clean glass plate about 4 or 5 
inches in diameter to pieces of wire in the same way as a scale 
pan is suspended from the end of the arm ; place it in a basin 
of water, so that the glass plate just floats on the surface ; notice 
the pull necessary to tear it away from the water and overcome 
the cohesion existing between its particles. The amount of 
this cohesion may be approximately measured by suspending 
the glass plate from the arm of a balance, and counterpoising 
it in air; the plate is then floated on water and weights added 
to the pan until the two are separated. 

By means of heat this force may be often overcome ; 
thus solid ice may be converted into water ; a further 
increase of temperature destroys the remaining cohesion 
and produces steam, which, in common with all other gases, 
is devoid of any cohesion between the particles, But, 
whether as ice, water, or steam, the substance is the same 
in chemical properties. By application of a more intense 
heat, however, the steam is decomposed into oxygen and 
hydrogen. Heat, therefore, not only destroys cohesion, 
but when sufficiently intense overcomes the force of 
chemical attraction which holds the elementary atoms of all 
compound substances together. 

Summary. 

E very-day instances of chemical action. Definition of 
chemistry. Experimenial study is essential Chemical action 
is accompanied by change of appearance, &c. Liquids into 
solids. Solids into gases. 

Matter is indestructible ; in no chemical change is it lost. 

Chemical combination is essentially different from mere 
mixture ; not only accompanied by change of appearance, but 
also by evolution of heat 

'Element,' &c, defined. 

Two most important types of chemical action, synthesis and 
analysis. 

Heat is capable of effecting the decomposition or analysis of 
compounds. The quantity necessary is reproduced when the 
elements recombine. 
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Summary and Laboratory Hints. 1 1 

Chemical action may generate other forces, as heat and 

electricity ; it is itself, therefore, a FORCE. 

Chemical affinity holds together the elementary particles 
in compound bodies. Heat overcomes it, and dissociates them. 
Laboratory Hints, 

In the laboratory the student will either have to provide for 
himself, or be supplied with, a set of apparatus sufficient for the 
performance of the common experiments. Such a set should 
include — 

Bunsen's burner and iron rose, with 2 feet of india-rubber 
tubing. 

Retort-stand and spring clamp. 

Two pieces of iron wire gauze 5 inches square. 

Three flasks, respectively of 4, 8, and 16 oz. capacity. 

Six test-tubes, 6 inches by J inch diameter. 

Test-tube brush. 

Thistle funnel 18 inches long. 

Glass funnel 2 inches diameter. 

Dozen assorted corks. 

Brass crucible tongs. 

Small evaporating basin, about zj inches diameter. 

Small beaker, 4} oz. capacity. 

Two books of litmus paper, red and blue. 

£ lb. small glass tubing. 

Two feet small india-rubber tubing. 

Four gas bottles. 

Four ground glass plates. 

Messrs. Orme & Co., of 65, Barbican, supply the author with 
these sets of apparatus in boxes at 17s. They keep the sets in 
stock, and the apparatus is always reliable. 

The following apparatus is generally supplied for common 
use: — 

Earthenware pneumatic troughs and beehive shelves. 

Deflagrating spoons and caps. 

Deflagrating jars, open at top and bottom. 

Retorts of various sizes. 

Cork borers. 

Pestles and mortars. 

Aspirator, balance, weights, &c. 
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The more expensive pieces of apparatus must be obtained, 
when required, by application to the teacher. 

The student should, in the first place, make himself familiar 
with the names and uses of his apparatus. Let him next care- 
fully and thoroughly clean the glass and porcelain vessels. The 
chemicals required will be found as a rule in bottles and jars, so 
placed as to be readily accessible to the whole of the students. 
They should under no circumstances be removed from their 
places ; the quantity required should be taken in a flask or test- 
tube, and the bottle immediately restored to its place. A strict 
adherence to this rule prevents the loss of a great amount of 
time which would otherwise be spent in searching over the 
laboratory for bottles, &c. 

In getting the chemicals for an experiment, be sure the 
right ones are taken ; see that concentrated acids are not used 
where dilute should be employed; never use pure substances 
when the commercial will answer the purpose ; do not let the 
stoppers of bottles lie about or get mixed. Take no more of the 
substance than you require, and if you happen to have an excess 
do not return it to the bottle without express permission ; much 
confusion has been caused by chemicals being replaced in the 
wrong bottles. * 

When directions are given that substances are to be mixed, 
solid bodies are to be first powdered, and then stirred together 
until the mixture is as uniform as possible. 

Heat is applied to tubes, &c, by means of the Bunseii burner ; 
before lighting it see that the holes at the bottom are open ; the 
flame should be non-luminous j if smoky, it is a sign that the gas 
is burning at the lower end of the tube of the burner ; it must 
be turned out and re-lighted. This catching fire at the bottom 
is the result of an excess of air entering; the remedy is to tum 
on more gas, or partly close the air-holes by turning the ring of 
the burner over them. In heating test-tubes, the heat must be 
applied gently at first, with a constant motion of the tube, or, if 
the tube be fixed, of the burner. 

If heating a liquid, never let the flame play on the part of 
the tube above its surface. When a solid is being heated, if any 
moisture happen to be present, it condenses in the upper and 
cooler parts of the tube ; when there is the slightest sign of this, 
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Use of Bunsen and Balance. 1 3 

hold the tube almost horizontal, but with the hot part rather 
the higher : this prevents the condensed water running back on 
the 'hot glass. 

The kind of balance usually employed in a laboratory is one 
having a long index-finger depending from the arm, with the 
point in front of a graduated scale. The swinging of the balance 
is shown by this index. When the weights placed in are equal 
to the body being weighed, it vibrates to an equal distance each 
side of the zero mark on the scale. The body to be weighed 
is placed in the left-hand pan, and the weights in the right. 
When not in use the pans are supported ; by means of a handle 
they may be raised, and are then free to swing. The pans 
should always be dropped on their support when weights are 
being added or removed. The weights used for chemical pur- 
poses are those of the metric system ; for their value, Sec, the 
Student should refer to the table given in Chapter III. Never 
touch the mure delicate weights with the fingers, but use the 
forceps found in the box with them ; great care must be taken 
that they are not soiled or otherwise injured. 

A laboratory note-book should always be kept, and an account 
entered in ink of every operation as performed. This applies 
with special force to weighing. 

At the close of the laboratory lesson wash the glass apparatus, 
and wipe with a dry cloth any water, &c, from the retort stand, 
and other articles which might rust. 



CHAPTER II. 

MODES OF CHEMICAL ACTION AND SEPARATION. 

10. Heat, with other forces, acts over great dis- 
tances. — Chemical attraction or affinity differs in one im- 
portant particular from the other natural forces. These are 
capable of acting through distances which are, in many cases, 
enormous. Heat and light both reach us from the sun, and 
in doing so travel over ninety millions of miles, but chemical 
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action can only take place where there is absolute contact 
between the substances participating in it. 

Experiment 9.— Hold a red-hot iron bar some inches from 
a piece of phosphorus about the size of a pea. Observe that 
the heat travels over the intervening space and the phosphorus 
is inflamed, i.e. takes fire. (In this and similar experiments 
the phosphorus, or other inflammable material, should be placed 
on a piece of iron or other substance which will prevent the 
heat injuring the work-bench.) 

Magnetism and electricity, in common with heat, act 
over distances ; a glass rod, when electrified, will cause the 
leaves of a delicate electroscope, which is some yards off, to 
diverge. 

Experiment 10.— -Electrify a piece of ebonite or a rod of 
shellac by rubbing with warm flannel ; hold it near some frag- 
ments of paper or other light objects ; they are attracted. If 
wished, a piece of glass rod or tube may be rubbed with silk, 
and used instead of the ebonite and flannel ; when the same 
effect is produced. Place a magnet near a suspended magnetic 
needle ; notice that the one end is attracted and the other re- 
pelled, though the two may be six or more inches apart. 

11. Contact is required for Chemical Action. — 
Experiments of a most careful character have been made, in 
order to measure, if possible, the distance through which 
chemical action can take place ; as a result it has been 
found that an interval unobsemble to the naked eye is 
sufficient to prevent it. 

Experiment 1 1.— Powder and mix together one part of loaf 
sugar and two of potassium chlorate. Take about as much of 
the mixture as can be held on a shilling and place on a stone 
slab Dip the end of a glass rod in concentrated sulphuric acid [ 
bring the rod as close to the mixture as possible, but not touch- 
ing ; notice that until actual contact ensues no action whatever 
occurs ; the moment that they touch the whole mixture is 
inflamed. 

In order that chemical action, once commenced, shall 
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continue, it is necessary that fresh portions of the sub- 
stances should be brought into contact. The products of 
such action must therefore be removed as rapidly as formed ; 
the requisite mobility of particles necessary for this is best 
obtained by at least one of the bodies being in the liquid 
state. Liquidity may be effected in two ways : 1st, by the 
action of some solvent, of which water is the most common ; 
2nd, by fusion. 

Experiment 12. — Mix together some dry carbonate of soda 
and tartaric acid ; no action whatever occurs. Place the mix- 
ture in a test-tube and add water ; the substances are dissolved, 
and immediately a brisk effervescence ensues through the acid 
liberating carbon dioxide from the carbonate. Here chemical 
action is the result of the more intimate contact resulting from 
solution. 

Expeiiment 13. — Mix together three parts by weight of 
nitre, two of dry carbonate of potash, and one of sulphur. Take 
a pinch and no more of this powder, and place in a small iron 
dish or ladle. Apply a gentle heat ; as soon as the mixture is 
fused it detonates violently. The face should not be held near 
this substance when being heated. The powder ready mixed 
is generally found in a laboratory. These substances may be 
preserved together in the solid state for an indefinite length of 
time, but combination immediately follows fusion. 

12. Modes of Chemical Action.— Although chemi- 
cal actions vary so much in their character, they can all be 
classified under the following five heads : — 

I. Direct Union. — Several experiments already per- 
formed belong to this class, as heating together copper and 
sulphur ; many other examples will occur to the student as 
his knowledge of chemistry increases. The combination 
of hydrogen with chlorine or oxygen, producing hydrochloric 
acid and water respectively, are striking instances. Direc- 
tions for the performance of these experiments are given in 
the chapters on the respective gases. 

Expeiiment 14. — Place a small piece of phosphorus on an 
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iron plate and drop on it a very little powdered iodine. Com- 
bination at once occurs, iodide of phosphorus being formed ; 
the heat evolved inflames the phosphorus, which continues 
burning. 

II. Chemical Displacement. —The experiment of 
heating platinum and magnesium wires has already taught 
us that different elements have various degrees of chemical 
activity, for while the former is unaffected by such treatment, 
the latter combines with the oxygen of the air with great 
avidity. In certain cases a more active element, that is, one 
whose chemical attraction is stronger, is able to displace a 
weaker element from a compound, and itself occupy the 
vacant place. 

Experiment 15. — In a solution of chloride or sulphate of 
copper, acidulated with a few drops of hydrochloric acid, place 
a bright iron rod ; on removing it after a few seconds it will be 
seen to be coated with metallic copper, which has been dis- 
placed from its combination with the chlorine, chloride of iron 
being formed. 

The chemical change may be thus represented : — 

Chloride [Copper Iron 1 Chloride 

of copper! Chlorine = Chlorine) of iron 

Iron Copper 

III. Mutual Chemical Exchange.— It frequently 
happens that when two compounds are brought together, an 
element of each may have a mutual attraction which results 
in their combination ; the remaining elements also combine. 
An example will render this clear. 

Experiment 16. — Place in a test-tube some solution of 
perchloride of mercury and add to it, drop by drop, iodide of 
potassium solution ; a red powder is formed, which, from being 
suspended in the liquid, gradually falls to the bottom. This 
powder is iodide of mercury. Chloride of potassium remains 
in solution. 

The mercury has exchanged its chlorine for the iodine 

■ .,Coo-;lc 
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of the potassium, and the potassium in its turn combines 
with the chlorine. 

The chemical change may be thus represented : — 

Chloride (Mercury Mercury 1 Iodide of 

of mercury tChlorine^^^ ^_^-Iodine J mercury. 
Iodide of (Potassium-^ — PotassiumiChloride of 
potassium llDdine,^-"""^ ^""^Chlorine J potassium. 

If in this experiment an excess of iodide of potassium be 
used, it re-dissolves the iodide of mercury. Whenever a sub- 
stance separates from a solution through the addition of another 
body, as the iodide of jnercury has done in this instance, the 
term precipitate is applied to the separated body. 

IT. Bo-arrangement of Particles. — This is a mode 
of chemical action of which there are no good examples in in- 
organic chemistry ; from organic compounds many instances 
might be cited. In such cases a compound, consisting of 
certain elements combined in definite proportions, is con- 
verted into another in which the properties are different, and 
yet the composition is precisely the same. The change may be 
compared to the re-arrangement of letters of certain words ; 
thus the word ' art ' may be transposed into ' rat ' ; the two 
words are totally different, and yet the letters are identical. 

V. Direct Decomposition. — The resolution of oxide 
ef mercury into mercury and oxygen is an instance of this 
type of chemical action, which has already been described. 
The electrolysis, or separation by electricity, of water into 
its component elements is another example with which the 
student will shortly become acquainted. 

13. Chemical Separations.— The chemist frequently 
finds, in the course of experiment, that it is necessary to 
separate bodies from each other ; the processes employed 
for this purpose are varied, depending on the nature of the 
substances. As in many future operations it will be neces- 
sary to use one or more of them, it is advisable that at this 
Stage they should be studied, There is, as a rule, some par- 
Coo#c 
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ticular property which one of the elements or compounds in 
a mixture possesses which the other does not : thus one may 
be soluble in water, the other insoluble; this at once affords 
a means of separating them. The principal methods 
of separation employed are Solution, Deoantation, 
Filtration, Crystallisation, Evaporation, Distillation, 
Sublimation, and Ignition. 

14. Solution, Decantation, and Evaporation.— 
A mixture of two bodies, one only of which is soluble in 
water, is separated by the action of that solvent. 

Experiment 17.— Take some of a mixture of sand and salt, 
place in a test-tube, add water, and shake up ; allow the sand 
to subside ; the clear solution on the top is to be carefully 
poured off, withoul disturbing the sediment, into an evaporating 
basin. This process is known as decantation. Place a piece of 
wire gauze on one of the rings of the retort stand, adjusted at a 
suitable height above the Bunsen burner ; put the evaporating 
basin containing the solution of salt on the gauze and light the 
burner, keeping the dame small ; the water will gradually 
evaporate, and crystals of salt will form. The object of placing 
the wire gauze under the basin is to prevent the flame coming 
in actual contact with and cracking it The water has been 
driven off by evaporation. 

In cases where both bodies are insoluble in water, some 
substance must be selected which acts on the one without 
the other. 

Experiment 18. — Place some of a mixture of sand and 
marble in a test-tube, add some distilled water, and heat Take 
out a few drops of the water, and evaporate them on clean 
platinum foil ; they entirely disappear, or only leave the slightest 
stain on the foil. This is the usual test employed to ascertain 
whether a solvent has dissolved anything or not. Decant off 
the water and add dilute hydrochloric acid to the mixture ; 
effervescence occurs. When this is over, again take out a few 
drops of the liquid and evaporate on the foil; a considerable 
residue will remain. The best plan to get a few drops out of a 
test-tube is to put in the end of a glass tube ; then close the top 
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with the finger, and withdraw it. On removing the finger the 
small portion it contains runs out. 

The separation in this experiment depends on the feet 
that chalk is dissolved by hydrochloric acid, while sand is 
not affected by it. 

15. Filtration. — There are many cases in which de- 
cantation is not suitable for the purpose of separating a liquid 




and solid ; the solid body 1 

may perhaps be so finely 
divided that it remains 
suspended in the liquid, 
giving it a muddy appear- 
ance. Under these cir- 
cumstances, filtration is 
resorted to. 

Experiment 19. — Take a 
filter paper about 3^ inches 
diameter, and double it 
twice ; then open it into a 
cone, taking three folds of 
paper on the one side and 
one on the other, as shown 
in Fig. 2. Place this cone 
of paper in a glass funnel, 
which it will just fit, and 
moisten with water. Care 

must be taken that the point of the folded filter does not get 
broken. Next add to a solution of calcium chloride some 
n carbonate ; a white precipitate is formed. Pour the 

. G„„A" 
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whole on the filter, holding a glass rod against the lip of the 
beaker or test-tube down which the liquid runs (Fig. 3); the 
clear liquid known as the filtrate passes through and must be 
collected in a beaker ; the precipitate, consisting of calcium 
carbonate, remains on the filter. Pour some clean water on it 
for the purpose of washing. After this has drained off, remove 
the beaker, push a hole through the bottom of the filter, wash 
the precipitate into an evaporating basin, and dry it. The 
filtrate contains ammonium chloride, which may be obtained by 
evaporation. 

16. Crystallisation. — Where two bodies are mixed"* 
together, both of which are soluble in water, but in different 
degrees, another plan may be adopted for their separation. 

Experiment 20. — Take a mixture of about equal parts of 
potassium chlorate and potassium chloride. Place some in a 
test-tube, and add just sufficient water to dissolve the whole on 
boiling ; now allow the solution to cool ; tabular crystals will 
separate out, consisting of the less soluble potassium chlorate. 
When cold, filter these off, just wash with cold water, and dry 
at a gentle heat 

Separation by crystallisation is a process largely used for 
manufacturing purposes 

17. Distillation. — In the experiments made by evapo- 
ration, we have only as yet dealt with the solids which 
remain, but in many cases the liquid is also required. In 
the laboratory, where pure water is an essential, it is obtained 
by this process of distillation, in which the steam is again 
condensed and collected. 

Experiment 31. — Take a glass retort, or, what answers the 
purpose equally well, a copper vessel fitted with a cork and 
leading tube, and put some brine in it ; fix it in the retort stand, 
and attach by india-rubber tubing to a Liebig's condenser, as 
shown in Fig. 4. The condenser consists of two glass tubes, 
one fitting inside the other ; the steam passes through the inner 
one, and, as condensed, runs into the flask placed as a receiver. 
Through the outer tube a current of cold water is passed, which 
speedily condenses the steam. The pipe conveying the water 
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is attached to the lower end of the condenser. After some 
water has collected, taste it, and notice that it is perfectly free 
from salt. 



The advantage of a copper vessel for this experiment is that 
there is no danger of breakage ; the required apparatus will be 
obtained in a laboratory on application to the teacher, 

18. Sublimation. — This is a process somewhat ana- 
logous to distillation ; it is in fact distillation of substances 
which condense in the solid instead of the liquid state. 

Experiment 22. — Heat a small portion of a mixture of sand 
and ammonium chloride in a test-tube ; dense white fumes are 
evolved, which condense as a white crust in the upper part of 
the tube, the sand remaining behind. 

Bodies which distil or sublime are termed volatile, and 
those which neither distil nor sublime are said to he fixed, 

10. Ignition. — Occasionally the chemist avails himself 
of the combustibility of bodies, and burns them off from 
others which are incombustible. 

Experiment 23. — Place some of a mixture of sand and lamp- 
black or soot on platinum foil, and keep at a bright red heat for 
some time with the Bunsen ; the lampblack will bum off, leaving 
the incombustible sand behind. It maybe mentioned that when 
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directions are given to ignite a body, it simply means that it is 
to be heated intensely ; it does not follow that it will bum. 

Summary. 
Light, heat, electricity, and magnetism act over considerable 
distances ; chemical attraction only between bodies in actual 
contact. Liquidity of one at least of two bodies aids chemical 

Modes of chemical action : — 
I. Direct union. 
II. Chemical displacement. 

III. Mutual exchange. 

IV. Re-arrangement of particles: 
V. Direct decomposition. 

Methods of separation employed by the chemist t — Solution, 
decantation, filtration, crystallisation, evaporation, distillation, 
sublimation, and ignition. 

Laboratory Hints. 

Great care must be taken in the handling of phosphorus ; 
it is always kept under water because of its inflammability. If 
a small piece is wanted, take a stick out of the bottle with a pair 
of tongs, place it under water, and cut it while there. Dry it 
by pressing gently between folds.of filter paper or a duster. It 
should not be touched with the fingers. 

The student should not forget that sand and solid substances 
generally should never be thrown down the drains, but put into 
a box or other receptacle specially provided. 



CHAPTER III. 

WEIGHTS AND MEASURES, ETC. 

20. The ■ Metric System.— For the complicated sys- 
tem of weights and measures in use in England, most 
chemists substitute the very simple metric system. The 
unit of the system is the metre, a rod of platinum deposited 
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in the archives of France, which, when constructed, was 
supposed to be one-ten- millionth part of the quadrant of a 
great circle encompassing the earth on the meridian of 
Paris. 

21. Measures of Length.— The metre measures 
39-37 inches. It is multiplied and subdivided by 10 for 
the higher and lower measures of length. 



Kilometre 


- IOOC 


metres 


- 39370 inches 


Hectometre 


= IOO 


„ 


- 3937-o „ 


Decametre 


- 10 


., 


= 3937o „ 


Metre 






- 39'370 >, 


Decimetre 


- O'l 


metre 


- 3-9370 „ 


Centimetre 


= 001 


„ 


- 0-39370 inch. 


Millimetre 


- O'QO 


» 


- 0-03937 „ 



The Greek prefixes deca, hecto, and kilo are used to 
represent 10, too, and 1000 respectively ; and the Latin 
deci, centi, and milli signify a tenth, hundredth', and 
thousandth. 

The prefixes are used with the same meaning in the 
other measures. The decimetre is very nearly 4 inches in 
length : this affords an easy method of roughly translating 
measures of the one denomination -into those of the other. 
The actual size of a decimetre is given in Fig. 5. 

22, Measures of Capacity.— The measure of capacity 
is derived from that of length by taking one cubic decimetre 
as the unit : this is named the litre, the capacity of which and 
that of its derivatives in English measures are appended :— 



Kilolitre - 1000 


litres = 61027 


1760-7 


Hectolitre - 100 


„ = 61027 


1 76 07 


Decalitre « 10 


„ - 610-27 


17607 


Litre 


61-027 


1-7607 


Decilitre = o-i 


litre - 6-1027 


o-i 7607 


Centilitre = o-oi 


„ = 0-61027 


0-017607 


Millilitre - 0001 


„ = 0-06102 


00017607 
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The litre, being the capacity of a cubic decimetre, it is 
evident that the millilitre equals in volume a cubic centimetre; 
this latter term, or its abbreviation (cc) is very frequently 



Etch side of this square 

t Decimetre, or 

10 Centimetres, or 

too Millimetres, or 

3 '93 7 English inches. 

A litre is a cubic measure of I decimetre in the side, or a cube 
each side of which lias the dimensions of this figure. 

When full of water at 4° C. a litre weighs exactly I kilogram or 
looo grams, and is equivalent to looo cubic c 
6f024 cubic inches, English. 



A gram is the weight of 
4° C. it weighs IS'432 grains. 






used in preference to millilitre ; thus a pipette is said to 
contain 50 cc, and a litre flask is often called a 1000 cc. 
flask. ^ -. 

A cubic inch is equal to 16-38 cubic centimetres. 

GooqIc 
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23. Measures of Weight.— The weight of one 
centimetre of distilled water at its maximum density (_ 
is taken as the unit of weight, and is called a gramme 
or gram. The subdivisions and multiples are again the 
same : — 

Grains. Avoirdupob ounces. 

Kilogram - 1000 grams = I5432"3 351739 

Hectogram - loo „ - 1543-23 3'S Z 739 



Decagram 


= 10 „ 


154-323 0-352739 


Gram 


■ 


I5-4323 0-0352739 


Decigram 


= o-i gram = 


I-5433 OOT3527 


Centigram 


= o-oi „ 


0-15432 0-0003527 


Milligram 


- o-ooi „ 


0-015432 0-00003527 


A kilogram 


is a little over 2 lb; 


-. 3J oz., and a hectog'ra 


ox. Anounc 


e avoirdupois equals 


28-35 grams. 



The relation between the weight and volume of water is 
seen to be a very simple one ; the volume being the same 
number of cc. as the weight is grams. With other liquids 
the volume in c.c. x specific gravity = weight in grams. 

Experiment 24.— Take either a half-lilre or litre flask ; see 
that it is dry, and weigh carefully ; fill to the graduated mark 
with distilled water, and again weigh ; the weight of the water 
is either 500 or 1000 grams. 

24. English Weights and Measures.— Familiarity 
with English weights and measures is assumed ; still the 
following particulars may be useful : — 

One gallon of pure water at a temperature of 62 F. 
(16-6° C.) weighs 10 pounds, or 160 ounces, or 70,000 
grains. The pint therefore weighs 20 ounces. The measure 
termed a ' fluid ounce ' is derived from the weight of a pint 
of water. A fluid ounce is a measure of volume, not of 
weight, and equals one-twentieth part of a pint. The fluid 
ounce bears the same relation to the avoirdupois ounce as 
does the cubic centimetre to the gram. When directions 
are given to dissolve one part by weight of a solid in 5 or 
other number of parts by weight of water, either ounces in 

..Google 
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fluid ounces, or grams in cubic centimetres, may be taken. 
A gallon is equal to 277'274 cubic inches. An ounce avoir- 
dupois weighs 437-5 grains. 

25. Heat Measurements.— The most important 
measures of heat are its temperature or intensity, and 
quantity. 

26. Temperature. — The temperature of a body 
is a measure of the intensity of its heat, and is 
further defined as the thermal state of a body con- 
sidered with reference to its power of communicat- 
ing heat to other bodies. Temperature is, in fact, the 
measure of what is popularly termed ' how hot a body is.' 
It will be seen on consideration that this depends on the 
power the body has of imparting heat to another body. 
Thus, if when the hand is thrust into water the water is 
able to yield heat to the hand, it is said to be ' hot,' while if 
it robs the hand of heat it is said to be 'cold.' 

27. The Thermometer.— The instrument used for 
measuring temperature is termed a 'thermometer.' The 
thermometer consists of a glass tube of very narrow bore, 
with a bulb blown at the end ; the bulb and part of the 
tube are filled with mercury ; all the air is then driven out, 
and the tube hermetically sealed by fusing its upper end. 
The thermometer is placed in contact with any body whose 
temperature it is desired to measure. If the body be the 
colder of the two the thermometer yields heat to it, or 
receives heat if it be the hotter. This transference of heat 
continues until the temperature of the two is equal. Mer- 
cury expands with an increase, and contracts with a decrease 
of temperature, but for the same temperature has always 
the same volume. From the construction of the thermo- 
meter any alteration of the volume of the mercury is readily 
observed; the height of the mercury in the tube is therefore 
a measure of its volume, and secondarily of its temperature, 
and that of any body with which it is in contact. 
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28. Thermometer Scales.— Subject to certain pre- 
cautions, the temperature of melting ice and that of steam 
in contact with boiling water are constant. The height at 
which the mercury stands when immersed in each of these 
is marked on most thermometers. For the registration of 
other temperatures some system of graduation must be em- 
ployed. The one most commonly used in this country is 
that of Fahrenheit, while for scientific purposes that of Cel- 
sius, or the Centigrade scale, is almost universally adopted. 
Fahrenheit divided the distance between the melting 
and boiling points of his thermometer into 180 degrees. 
Degrees of the same value were also set off on either side 
of these limits. At 32 degrees below the melting point he 
fixed an arbitrary zero of temperature from which he 
reckoned. On his thermometric scale the melting point is 
32 , while the boiling point is 32 + 180 = 212 . Degrees 
below the zero are reckoned as — (minus) degrees; thus — 8° 
means 8 degrees below zero, or 40 degrees below the melting 
point. Degrees above 212 simply reckon upwards : 213 , 
2 1 4° F., &c 

The Centigrade scale is much simpler. The melting 
point is taken as o" or zero, and the boiling point as ioo°. 
Temperatures below the melting point are reckoned as 
— degrees. 

The conversion from one to the other of the Centigrade 
and Fahrenheit scales may be easily performed. 

180 Fahrenheit degrees = 100 Centigrade degrees 
9 » = 5 » 

1 „ degree = 2 „ „ 



There is this important difference between the two 
scales : Centigrade degrees count from the melting point, 
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while Fahrenheit degrees are reckoned from 32 below the 

melting point. 

30 C = 30 x 2 = 54 Fahrenheit degrees. 

Therefore 30 C. are equivalent to 54 Fahrenheit degrees 
above the melting point, but as the melting point is 32, that 
number must be added on to 54. The temperature Fahren- 
heit equal to 30 C. is 86°. By the reverse operation 
Fahrenheit degrees are converted into degrees Centigrade. 
The following formula; represent the two operations ; — 

5 9 

29. Quantity Of Heat. — If two vessels, the one hold- 
ing a pint, the other a quart, are both filled with boiling 
water, the. temperature of the water in each will be the 
same, but the quantity of heat will be double as much in 
the quart as in the pint. Quantity of heat is measured 
by the amount necessary to raise a certain weight of 
some body from one to another fixed temperature. 
The quantity of heat necessary to raise l gram of 
water from 0° to 1° C. is termed a Unit of Heat. 

30. Absolute Temperature. —There are certain 
reasons which lead us to suppose that at a temperature of 
— 273 C. bodies would be entirely devoid of heat. This 
point —273° C. ia therefore often termed, the abso- 
lute zero of temperature, and temperature reckoned 
therefrom is termed 'absolute temperature.' The 
absolute temperature of a body is its temperature in degrees 
C. + 373- 

31. Expansion and Contraction of Gases.— All 

gases expand with increase, and contract with diminution, of 
temperature. The amount of expansion and contraction is 
the same for all gases between the same limits of temperature, 
provided the temperature is considerably higher than that 

■ .,C.oo-;lc 
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at which they condense to liquids. The volume of all 
gases is directly proportional to their absolute tem- 
perature. Because of this variation with temperature it 
is necessary to fix a temperature which shall be con- 
sidered as a standard in expressing the volume of a 
gas : 0° C. is commonly adopted for this purpose. 

Knowing the volume of a gas at any one temperature, 
its volume at any other may be easily calculated ; thus, a 
vessel was found to contain 750 cc of air at 15 C. ; it is 
required to find its volume at the standard temperature :— 
15° C. + 273 = 288 absolute temperature, 
0° C. + 273 = m° 
As 288 : 273.-.-750 : 711 cc. of gas at standard tempera- 
ture. 

The volume of a gas is also affected by the pressure to 
which it is subjected : this variation is governed by what is 
called Boyle and Marriotte's law. The volume of any 
gas is inversely proportional to the pressure to 
which it is subjected. This law also only holds good in 
strictness when the temperature of the gas is considerably 
above the liquefying point. The most important variations 
of pressure to which gases are liable are those resulting from 
the changes in pressure of the atmosphere. The height of 
the mercury column of the barometer is a direct measure of 
the pressure of the atmosphere ; therefore that pressure is 
commonly expressed in the number of millimetres (m.m.) 
which that column is high. For purposes of comparison 
it is also necessary to reduce all pressures to one 
standard ; that selected is an atmospheric pressure 
which causes the barometer to stand at 760 milli- 



As an example of a calculation of the volume of a gas 
when the pressure is varied, the following may be taken : 
1000 cc. of gas is measured at a pressure of 750 m.m. ; re- 
quired its volume at the standard pressure of 760 m.m. : — 
Google 
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As 760 : 750:: 1000 : 987 cc of gas at standard pres- 
sure. 

The temperature and pressure quoted as standards for 
gas measurement, 0° C. and 760 m.m., are often termed 
normal temperature and pressure : for this expression, 
the abbreviation ' N.T.P.' is frequently used. 

Finally, the student is specially requested to bear in mind 
that, when sufficiently far removed from their liquefying 
points, all gases expand and contract equally for 
similar variations in temperature and pressure, their 
behaviour in this respect being independent of their 
chemical properties. 

Summary. 

Weights and measures ; the metric system ; English weights 
and measures. 

Heat measurements ; temperature; the thermometer ; ther- 
mometric scales ; quantity of heat ; absolute temperature. 

Relation of volumes of gases to temperature and pressure. 



CHAPTER IV. 

ELEMENTS, SYMBOLS, AND ATOMIC WEIGHTS. 

32. List of Elements. — Although the number and 
variety of bodies we see around us are practically infinite, 
yet we find that they are mostly compounds which contain 
only a few elements. All the compounds known to us are 
built up from between sixty and seventy elements. Of these 
but a small number occur plentifully, the rest being only 
sparingly distributed, while several are present in the earth's 
crust in only the merest traces. The following table contains 
a fist of the known elements, their symbols, atomicities, 
where known, and combining or atomic weights. Those 
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printed in capitals are the non-metals or metalloids ; those 
in ordinary type are the commoner metals ; those in italics 
are the rarer metals. The combining weights given are 
those derived from the experiments of Stas. For most cal- 
culations the nearest whole number or whole number with 
*5 may be employed. Thus chlorine may be taken as 355, 
oxygen as 16, and so on 

Name. Symbol. Atomicity. Combining or 

Atonic WcW 

Aluminium . 

Antimony (Stibium) 

Barium . 

Beryllium . 

Bismuth 

Boron . 

Bromine 

Cadmium 

Casium 

Calcium 

Carbon 

Cerium . 

Chlorine . 

Chromium 

Cobalt . 

Copper (Cuprum) . 

Didymium 

Erbium . 

Fluorine . 

Gallium 

Gold (Aurora) 

Hydrogen . 

Indium. ... In III 113-4 

Iodine .... I I 126-53 

Iridium Ir IV 1967 

Iron(Femim) Fe VI 55-9. 

Lanthanum ... La '39"0 

Lead (Plumbum) . . Pb IV 206-4 

Lithium ... Li I 7-01 
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n-97 
141-2 
35*37 
52-4 
586 
63-0 
147-0 
.69-0 
19-1 
69*8 
196-2 
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Magnesium , 


Mg 


Manganese . 


Mn 


Mercury (Hydrargyrum 


Hg 


Molybdenum . 


Mo 


Nickel . 


Ni 


Niobium 


Nb 


Nitrogen . 


N 


Osmium 


Os 


Oxygen 





Palladium . 


Pd 


Phosphorus 


P 


Platinum 


Pt 


Potassium (Kalium) 


K 


Rkodium 


Rh 


Rubidium 


Rb 


Ruthenium . 


Ru 


Selenium . 


Se 


Silver (Argentum) . 


Ag 


Silicon 


Si 


Sodium (Natrium) . 


Na 


Strontium 


Sc 


Sulphur 


S 


Tantalum 


Ta 


tellurium . 


Te 


Thallium 


Tl 


Thorium 


" Th 


Tin (Stannum) 


Sn 


Titanium 


Ti 


Tungsten 


W 


Uranium 


u 


Vanadium 


V 


Yttrium 


Y 


Zinc 


Zn 


Zirconium 


Zr 



956 
5 8-6 
940 
14-01 

198-6 
1596 

30-96 
1967 
39-04 
104-1 
85-2 
1035 
780 
107-66 
280 
22-99 
87-2 
3198 
1820 
128-0 
2036 
231-5 
117-8 
48-0 
1840 

512 
93° 
64-9 



33- Metals and Metalloids, or Non-Metals.- 
The elements are divided into two groups, termed respec- 
tively ' metals ' and ■ metalloids, or non-metals.' The line of 
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division between the two classes is not very marked, the 
one group gradually merging into the other. The metals 
as a class are opaque bodies, having a peculiar 
lustre known as metallic; they are usually good 
conductors of heat and. electricity. Arsenic, which is 
here included among the metals, is grouped by some chemists 
among the metalloids : its properties are intermediate. Two 
of the elements are liquid at ordinary temperatures, mercury 
and bromine ;_ four, viz. hydrogen, chlorine, oxygen, and 
nitrogen, are gaseous, but can be liquefied by intense cold 
and pressure. The remainder are solid. In 1877 MM. 
Cailletet and Pictet succeeded in effecting the condensation 
of hydrogen, oxygen, and nitrogen ; hence, from these having 
before resisted all attempts at liquefaction, the name/er»w- 
nent gases was applied to them. 

34. Composition of the Earth's Crust— It has 
already been stated that of some elements mere traces only 
have been discovered ; the great mass of the earth's crust 
is composed of even a more limited number than the re- 
mainder. It has been estimated that its average composition 
by weight is represented by the following table : — 

Oxygen 480 

Silicon 290 

Aluminium 80 

Iron 60 

Calcium 30 

Magnesium 30 

Sodium 20 

Potassium 15 

Hydrogen 2 

Other elements .... 3 

1000 

35. Symbols and Formulae.— For convenience of 
description each element has an abbreviation of its 
full name, called its symbol. This is, where practicable, 
the, first letter of its Latin name ; when two or more elements 
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have names commencing with the same letter, it becomes 
necessary to distinguish them from each other by restricting 
the initial letter to the most important element, and selecting 
two letters as the symbol of each of the others. Thus carbon, 
chlorine, and copper (cuprum) each commence with 'C'j 
that letter is chosen as the symbol of carbon, while those of 
chlorine and copper are respectively CI and Cu. 

As all compound bodies consist of elements united 
together, they may be conveniently expressed symbolically 
by placing side by side the symbols of the constituent ele- 
ments : the symbol of a compound is termed its 
formula. Thus common salt consists of chlorine and 
sodium ; its formula is accordingly written NaCl. 

36. Further Uses of Symbols and Formula:; 
Law of Chemical Combination by Weight. — Simply 
as abbreviations of the full names symbols and formulae are 
of great service ; this, however, is but a small part of their 
significance and value in chemistry. Their further use 
may best be explained by reference to certain information 
gained by experiment, to which careful attention is requested. 
On analysis it is found that 36*5 ounces of the substance 
known as hydrochloric acid consists of one ounce of hydro- 
gen combined with 35 ■$ ounces of chlorine ; also that in 58-5 
ounces of common salt there are 35-5 ounces of chlorine 
to 23 of sodium. Taking water as another instance of a 
hydrogen compound, analysis shows that its composition 
may be expressed by the statement that 18 ounces of water 
consist of 2 ounces of hydrogen combined with r6 ounces 
of oxygen. In the table given in paragraph 31 there is a 
column headed 'Combining or Atomic Weight'; on re- 
ferring to this it will be found that the numbers opposite 
hydrogen, chlorine, sodium, and oxygen are respectively {in 
whole numbers) i, 35-5, 23, and 16, being (with one excep- 
tion) identical with those that have just been given as the 
numbers obtained by analysis of the compounds under con- 
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sideration. It is possible to assign to every element a 
number, which number or its multiple shall repre- 
sent the proportionate quantity by weight of that 
element which enters into any chemical compound. 
These numbers are termed the ' combining or atomic 
weights ' of the elements, and are deduced from re- 
sults obtained on actual analysis. In addition to its 
use as an abbreviated title of any element, the symbol 
repesents the quantity of the element indicated by 
its combining weight ; where multiples of that quantity 
exist in a compound the fact is expressed by placing a small 
figure after the symbol and slightly below the line. A large 
figure placed before a symbol signifies that number of the 
whole compound. 

As previously stated, the formula of sodium chloride is 
NaCl, and it contains 23 of sodium to 35-5 of chlorine. 
The formula of hydrochloric acid is HC1, and it contains 1 
of hydrogen to 3S'S parts of chlorine. Water consists of 
2 parts of hydrogen to 16 of oxygen ; the fact that it con- 
tains twice the combining weight of hydrogen is expressed 
by writing the formulas H a O. Again, ammonia contains 3 
parts by weight of hydrogen to 14 parts of nitrogen ; con- 
sequently it has the formulas NHj. The gas termed carbon 
dioxide consists of 32 parts, or twice the combining weight, 
of oxygen to 1 2 by weight of carbon ; the formulae is 
consequently CO a . The quantity of an element re- 
presented by its combining weight is termed 'one 
combining proportion ' of that element. 

37. Constitutional Formula:.— In addition to simply 
showing the number of atoms of each element present, 
formula; are frequently so written as to show the probable 
constitution of the molecule ; such formulae are termed 
'constitutional formula?.' 

38. Chemical Equations. --Chemical changes are 
most conveniently expressed by what are termed 'chemical 
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equations ' : these consist of the symbols and formulas of 
the bodies participating placed before the sign =, while 
those of the resultant bodies follow. 

For example, the action of iodide of potassium and 
chloride of mercury on each other is thus expressed :— • 

HgC, + 2KI = Hgl s + 2KC1. 

Having access to a table of combining weights, the chemist 
learns from this equation that one part of mercury chloride, 
containing one combining proportion of mercury weighing 
200, together with two parts of potassium iodide, each con- 
taining one combining proportion of potassium weighing 39, 
and one of iodine weighing 127, together yield or produce 
one part of mercury iodide, containing one combining pro- 
portion of mercury weighing 200, and two of potassium each 
weighing 127, and two parts of potassium chloride, each 
consisting of one combining proportion of potassium weigh- 
ing 39, and one of chlorine weighing 35 '5. As no chemical 
change affects the weight of matter, the weight of 
trie quantity of a compound represented by its 
formula must be the sum of those of the consti- 
tuent elements; so, too, the weight of the bodies 
resulting from a chemical change must be the same 
as that of the bodies before the change, whatever it 
may be, had occurred. Also the same number of atoms 
of each element must appear on each side of the equation. 
Although from a chemical equation arid table of combining 
weights it is possible to state what relative weight of each 
element is concerned in any chemical action, it must never 
be forgotten that the combining weights were first 
determined by experiment, and then the table 
compiled therefrom. The statement of premise and 
deduction is that hydrogen and chlorine have respectively 
the combining weights of 1 and 35-5 assigned to them, be- 
cause analysis shows that they combine in those proportions ; 
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not that hydrogen and chlorine have as combining weights 
1 and 35-5, and therefore they must combine in those pro- 
portions. The series of combining weights is simply a 
tabular expression of results obtained by practical analytic 
investigation. 

39. Atoms and Molecules. — The fact that the quan- 
. tity of every element which enters into combination is 
either a certain definite and unchangeable weight, or a 
multiple of that weight, led chemists to feel that this 
weight of a combining proportion of an element is in some 
way associated with its physical nature. The first step 
toward the explanation of this problem is due to Dalton, 
who enunciated what is termed the Atomic Theory. He 
assumed that all matter is built up of extremely small parti- 
cles, which are indivisible, and that when elements combine 
it is between these particles that the act of union occurs. 
These ultimate particles of matter are termed 'atoms.' 
The name 'atom' is derived from the Greek, and signifies 
that which is indivisible. Atoms of the same element are sup- 
posed to be of the same size and weight. With the absolute 
weight of atoms the chemical student has but little to do ; 
. the principal point of importance for him is their relative 
weights compared with each other. For chemical purposes 
an atom may be denned as the smallest particle of 
an element which enters into, or is expelled from, 
a chemical compound. For the phrase ' combining 
proportion,' hitherto used, the term ' atom ' may be 
substituted. The combining weight then becomes 
the relative weight of the atom of each element 
compared with that of hydrogen, which, being the 
lightest, is taken as unity. 

In assigning an atomic weight to an element chemists 
are guided by several considerations : the study of these 
must be postponed until the student's knowledge is more 
advanced. 
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The little group of atoms represented by the formula of 
a compound is termed a 'molecule.' A molecule is the 
smallest possible particle of a substance which can 
exist alone. In the case of chemical compounds the 
molecules cannot be further subdivided, except by separa- 
tion into the atoms of constituent elements or into two or 
more molecules of some simpler chemical compound or 
compounds. 

40. Elementary Molecules.— There are not only 
molecules of compound bodies, but also when elements 
are in the free or uncombined state their atoms 
usually combine together to form elementary mole- 
cules. Thus in oxygen two atoms unite to form a mole- 
cule of oxygen ; the formula of the oxygen molecule is 
written 2 - 

The molecules of the following elements contain two 
atoms : hydrogen, chlorine, oxygen, sulphur, and nitrogen. 

As all elements nprmally exist in the molecular state it 
is advisable always to use equations in which the lowest 
quantity of any element present is a molecule. Thus 

H s + Cl s = 2HC1 

should be written as the equation representing the com- 
bination of hydrogen and chlorine, rather than 

H + CI = HC1. 

41. Further Explanation of Atomic Theory. — t 
When the student's knowledge of chemical facts is more 
extended the atomic theory will be explained more fully, 
and also the experimental basis on which it is founded. It 
is necessary to have some idea of what it involves in order 
to understand the uses of chemical equations. An exact 
knowledge of these equations is of vital importance ; the 
result of every experiment mentioned in this work will be so 
expressed, and the student must thoroughly master them. 
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, The column headed 'Atomicity,' in the table of ele- 
ments, will be referred to and explained in a subsequent 
chapter. 

Summary. 

Names, symbols, atomicity, and combining or atomic 
weights of the elements. 

Division into metals and non-metals, into solids, liquids, and 

Approximate composition of the earth's crust. Symbols, 
formula;, and equations. 

Weight of atoms. Definition of 'atom' and 'molecule.' 
The atomic theory. 



CHAPTER V. 

AND OZONE. 



.Oxygen. — Symbol, O. Atomic weight, 16-96. 
Density, 15-Q6. Specific gravity, 1-1056. Molecular 
formula and weight, O a , 31*92. Molecular volume, 

CD 

The density of a gas is its weight, volume for volume, com- 
pared with hydrogen taken as unity ; the specific gravity is its 
weight compared with an equal volume of air. Molecular 
weight and volume are explained in Chapter X. 

42. Occurrence. — Oxygen occurs plentifully in nature, 
both in the free state and in combination with other ele- 
ments. About one-fifth of the atmosphere consists of this 
gas ; it constitutes eighth-ninths by weight of water, and, as 
shown in the table given on a previous page, about 48 per 
cent, of the earth's solid crust. 

43. Discovery. — Dr. Priestley, of Birmingham, dis- 
covered, in 1774, that by heating mercury in contact with 
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air in a closed vessel the volume of the air was lessened, 
and that red scales were formed on the surface of the 
mercury. An apparatus by 
means of which the experi- 
ment may be performed 
is shown in Fig. 6. The 
flask, containing the mer- 
cury over the gas-lamp, is 
connected with a jar of air 
inverted in a porcelain 
vessel filled with mercury. 
By this device the mercury 
in the flask, while in con- 
tact with the air in the jar, 
is shut off from the atmo- 
sphere. The mercury re- 
quires to be heated to a 
temperature just below its 
boiling point, and the heat maintained for two or three days. 
On allowing the apparatus to cool, at the close of the experi- 
ment the diminution of the air in the jar may be observed. 
The red scales produced consist of oxide of mercury. The 
chemical change may be thus represented : — 
2Hg + 3 = 2HgO 

Mercuiy. Oxygen. Mercury oiide. 

44. Preparation. — The student is aware from Experi- 
ment 7 that oxide of mercuiy is decomposed into oxygen 
and mercury by a strong heat — 

2HgO = 2Hg + O a . 

This experiment should be again repeated and the gas 
evolved collected. 

Before proceeding further prepare the apparatus for col- 
lection of gases, specified in the laboratory hints at the end 
of this chapter ; also read the whole of the directions there 
given carefully through. 

>, Google 



Preparation of Oxygen. 41 

Experiment 25. — In gas apparatus No. 1 substitute one ot 
the combustion tubes for an ordinary test-tube ; place in it about 
as much oxide of mercury as could be held on a sixpence i 
clamp it in the retort stand, or hold by means of a. test-tube 
holder in the hand (it is preferable lo use the retort stand) ; 
arrange the pneumatic trough and a small gas-jar for the col- 
lection of gas, as shown in Fig. 7. The quantity of mercury 
oxide is much less than that of potassium chlorate mixture which 
is shown in the figure. Carefully heat the mercury oxide with the 
Bunsen burner, and observe the evolution of gas. When the 
jar is full, take it out of the trough and introduce a glowing 
splinter ; the rekindling shows that the gas is oxygen. A large 
test-tube may be used if a small gas-jar is not obtainable. 

Most of the methods employed for the preparation a( 
oxygen are instances of direct decomposition. The sub- 
stance most frequently used by the chemist is potassium 
chlorate, which is composed of potassium, chlorine, and 
oxygen. At a comparatively low temperature the oxygen 
is driven off from this body, a compound of potassium and 
chlorine remaining behind — 

2KC10, = 2KC1 + 80 a 

Potassium chlorate. Potassium chloride. Oxygen. 

Experiment 26. — Using the same apparatus as that em- 
ployed in the last experiment, substitute an ordinary test-tube, 
placing it in about enough potassium chlorate to fill the bottom 
of the tube half an inch. As this liquefies on the application of 
heat, the tube must be inclined when fixed in the retort-stand. 
Heat gently ; at first the salt crackles : this is owing to the 
crystals being split up by the heat, and is known as decrepi- 
tation. The chlorate soon melts, and then appears to boil : the 
salt is really being decomposed. Collect the oxygen over the 
pneumatic trough and test it 

If instead of using potassium chlorate alone, a mixture 
of that salt with about one quarter of its weight of man- 
ganese dioxide (black oxide of manganese) is employed, the 
gas is given off much more rapidly and at a lower tempera- 
ture. At the end of the experiment the manganese dioxide 
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is found unaltered This mixture is almost always employed 
for the preparation of the gas, except when required in a 
condition of absolute purity. 

The student will require seven jars of gas for the 
following experiments: it will be best to prepare them in 
two lots. 

Experiment 27. — One-third fill a six-inch test-tube with the 
mixture of potassium chlorate and manganese dioxide in the 
proportions mentioned above : this amount is quite sufficient to 
evolve the quantity of gas required. Push a wire down to the 
bottom of the tube, so as to make a clear passage for the gas. 
Connect the test-tube to the rest of the apparatus used in the 
last experiment, as shown in Fig. 7,and, having three jars ready 



inverted in the trough, proceed to fill them. Holding the 
Bunsen in the hand, commence warming the mixture gently at 
the top, i.e. the end nearest the cork, and slowly bring the flame 
nearer the bottom as the gas is evolved. The reason for this 
is that the mixture cakes on being heated : if heated first at the 
bottom, the upward current of gas would carry the loose dust of 
the mixture on with it, and probably choke the leading tube. 
Withdraw the source of heat when the last jar is about half 
full ; the action will then probably cease as the jar is filled. 
Remove the end of the leading tube from the trough ; other- 
wise, as the hot gas within cools, the contraction would draw up 
the water and crack the test-tube. 

Experiment 28.— To one jar of the gas add some clear lime- 
water ; replace the plate, and shake up : observe that the lime- 
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water remains clear. In the same jar make the usual test for 
oxygen. 

Experiment 29. — To another jar add some litmus solution, 
and shake up : notice that (he blue colour is unchanged. 

Experiment 30. — In the third jar burn a piece of charcoal. 
Get a deflagrating spoon and cap ; see that it is clean by heat- 
ing in the Bunsen. Push the spoon down through the cap, so 
that it will reach to about one-third the height of the jar from 
the bottom. Put the charcoal on the spoon and ignite with the 
Bunsen ; when glowing, plunge in the jar of oxygen j it bums 
brightly. When the combustion is over remove the deflagrating 
spoon, pour in some lime-water, and shake up ; the lime-water 
becomes milky. 

For the remaining experiments two jars may be filled in 
the ordinary way ; another must be wiped perfectly dry and 
filled by downward displacement For the next experiment 
obtain a deflagrating jar, t.e. one open at the top and 
bottom. Cork up the upper opening and fill with gas; 
allow it to stand in the trough. 

Experiment 31. — Take about four or five feet of fine iron 
binding wire ; make it into a spiral 
by winding round a test-tube, and ' 

weigh it carefully. Next fix it to 
the cap of a deflagrating spoon, 
and attach a small piece of vegetable 
tinder (amadou) to the lower end ; 
in the absence of this material, about 
a quarter of an inch of wax vesta 
may be used. The iron wire is now 
ready for burning. The deflagrating 
jar must be removed from the trough 
in a proper dish, in the bottom of 
which a piece of writing paper has 
been placed, and allowed to become 
saturated with water. There will 
thus be a layer of about half an 

inch of water at the bottom, then the paper, and underneath 
that another thin layer of water. Loosen the cork at the top, 
Cooolc 
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light the tinder or vesta, and immediately place the wire in the 
jar {Fig. 8). It burns brilliantly, throwing out a number of 
sparks, while from time to time drops of molten oxide fall to 
the bottom : these are so hot that if allowed to come in contact 
with the porcelain dish they would fuse into the glaze even 
after falling through an inch of cold water. The writing paper 
momentarily arrests them, and thus gives them time to cool 
When the burning is over, remove the unbumt end of wire ; 
collect very carefully the whole of the globules of oxide of iron, 
place them in a crucible or evaporating dish, and thoroughly 
dry them with a gentle heat Weigh. the oxide and the re- 
mainder of the iron ; there should be a sensible increase of 
weight over that of the iron alone previous to the burning : the 
increase is, of course, due to the oxygen, which is also present 
in the oxide. 

Another modification of this experiment demonstrates that 
iron increases in weight as a result of oxidation. Procure some 
clean iron filings, dry thoroughly at a temperature about that of 
boiling water, or by placing them in a thin layer in an oven. 
Weigh out 25 or 50 grams, and raise to a red heat in a platinum 
or clean iron dish. Stir them from time to time, so as to expose 
a fresh surface ; in about half an hour allow to cool and weigh. 
There is a considerable gain in weight resulting from the com- 
bination of the iron with oxygen from the air. 

Experiment 32. — In one of the jars of gas, collected over 
the trough, burn a fragment of sulphur in the deflagrating 
spoon; notice the brilliant light Add to the jar after the burning 
some litmus solution ; it is turned red. 

Experiment 33. — In the other jar bum a piece of phosphorus 
the size of a small pea, remembering first to carefully dry it 
The light produced is most brilliant Add litmus solution, and 
observe that again the colour becomes red. 

Experiment 34. — In the dry jar a piece of metallic sodium is 
to be burned. Sodium has such an affinity for oxygen that it 
requires to be kept in a liquid which does not contain that 
element : naphtha is usually employed. Cut off a little piece 
about the size of a pea, being most careful that the knife and 
everything which touches the metal is perfectly dry. Place in a 
clean and dry deflagrating spoon ; heat in the Bunsen until it 
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just glows, then put it in the jar of gas ; it bums brightly : the 
products of combustion which are solid remain in the spoon. 
Allow it to get quite cold, then place the spoon in a little water 
in a beaker and dissolve off the oxide of sodium. To some 
litmus solution in a test-tube add just a drop of dilute sulphuric 
or nitric acid. Pour the red solution thus produced into the 
beaker containing oxide of sodium; the blue colour is re- 
stored. 

Another method sometimes employed for the prepara- 
tion of oxygen consists of heating to redness, in a closed 
iron tube, the black oxide of manganese. Unless large 
quantities of the gas are required this method is now rarely 
employed; the gas is always impure from the presence of 
traces of chlorine, &c., from foreign substances contained in 
the oxide. The decomposition is thus represented: — 

8Mn0 2 = Mn a 4 + O t 



45- Properties. — Oxygen is a colourless, odourless, 
neutral, and non-inflammable gas, which until 1877 had never 
been liquefied. It is slightly soluble in water, one hundred 
volumes of water at 15° C. dissolving about three volumes 
of oxygen. Among its properties by far the most important 
is that it possesses the power of supporting respiration. 
The gas in the pure state, however, is so active, that a 
diluting agent is required; in the atmosphere this is supplied 
by the presence of nitrogen in large quantity. It also 
supports the combustion of inflammable bodies: substances 
which burn in air burn with increased brilliancy in this gas. 
Its chemical activity is so great that, with the exception of 
fluorine, it combines with all the elements. The class of 
bodies thus formed is an important one, to which the name 
of oxides has been given. The preceding experiments show 
the formation of several of these. The composition of the 
bodies produced is shown in the following equations: — 
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Carbon (charcoal}. 






Carbon dioxid 


8Fe 


+ 


SO, 


= Fe,0, 


S 

Sulphur. 


+ 


0, 


= SO, 


V 4 
Phosphorus. 


+ 


50, 


= 2P a 6 

Phssphoms pent 


4Na 


+ 


0, 


= 2Na,0 



There is one important point of distinction between 
various oxides to which the student's attention will have 
been directed in the experiments already made: one group, 
of which sulphur dioxide is a representative, reddens a 
solution of litmus; another series, represented by sodium 
oxide, is characterised by the property of restoring the blue 
colour to litmus solution which has previously been red- 
dened. The oxides of the first group, when dissolved in 
water, produce adds; those of the second group are known 
as bases. 

Ozone (Allotropic Oxygen), — Density, 3394. 
Specific gravity, 1*6564. Molecular formula and 
weight, O,, 47*88. 

46. Occurrence.— This gas, which has never been 
obtained in the pure state, is a curious modification of 
oxygen. Its density is exactly half as much again as that of 
oxygen. Traces of it are found in the air near the seaside 
and in the open country. 

47. Preparation. — Ozone can be formed by the 
passage of a series of electric sparks through either air or 
pure oxygen, and may be recognised by its odour whenever 
an electric machine is worked. The quantity of oxygen 
thus changed is however very small, but if a silent electric 
discharge be passed through the gas, care being taken to 
avoid sparks, a much larger proportion of oxygen undergoes 
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this transformation. In order to effect this, a special piece 
of apparatus is necessary, in which the arrangements are 
such that the discharge occurs between large surfaces placed 
very near each other. This end is best attained by the use 
of a device in which one tube is fixed inside another, so as 
to leave an annular (ring-like) space between. Through the 
outer tube two openings are made, so as to provide an inlet 
and outlet for the gas to be acted on. The surfaces of these 
tubes are coated with tinfoil, and are connected up to the 
terminals of an induction, or Ruhmkorf, coil. The dis- 
charge then takes place between the two tube surfaces, and 
through the annular space they enclose. If a slow current 
of oxygen be passed through this space it emerges containing 
ozone in considerable quantity. Ozone may also be pre- 
pared by the action of phosphorus on moist air. 

48. Properties.— In properties ozone is much more 
active than oxygen, from which it is distinguished by its power 
of directly converting copper, mercury, and even silver into 
oxides. Iodide of potassium is decomposed by it, iodine being 
liberated and in the presence of water potassium hydrate 
formed. When substances are oxidised by ozone no dimi- 
nution in volume of the gas takes place. The density of 
ozone shows that three volumes of oxygen condense to form 
two of ozone; during oxidation by its agency it is the extra 
volume of oxygen which enters into combination, the 
normal oxygen set free occupying precisely the same 
space : — 
O a + 2KI + H s O = 2KHO + I 3 + O a 

iodide. hydrate. 

As ozone contains three atoms of oxygen in the mole- 
cule its formula is written 3 , thus distinguishing it from 
ordinary oxygen, whose molecule contains but two atoms, 
and is written O s . 

Free iodine combines with starch to form a deep blue 
coloured compound. Ozone may easily be detected by 

>, Google 



48 Text-Book of Inorganic Chemistry. 

'exposing paper dipped in a solution of starch and potassium 
iodide; a trace is sufficient to develop a blue colour. 

Experiment 35. — Carefully scrape a stick of phosphorus 
until quite clean, under water, then place it in a gas-bottle and 
cover with a plate. Put a piece of starch the size of a large 
shot into a test-tube and a quarter fill with water, shake up and 
then boil ; add a fragment of about the same size of potassium 
iodide and allow it to dissolve. Dip some pieces of paper in 
the solution, and after the phosphorus has been in the jar for 
about twenty minutes or half-an-hour introduce the paper ; 
ozone, if present, will immediately produce a blue tint. If the 
coloration does not at once appear, a piece of paper may be 
left suspended in the jar and will soon change colour. 

Ozone is a colourless gas with a peculiar and character- 
istic odour, which it imparts to water, being soluble in that 
liquid. In virtue of its great oxidising power, ozone de- 
colorises a solution of indigo, forming comparatively 
colourless compounds containing a higher proportion of 
oxygen. 

Ozone very slowly decomposes into oxygen at ordinary 
temperatures. At a temperature of 237 C. the change is 
instantaneous, the gas, which contracted when the ozone 
was first formed, once more regaining its original volume. 
This change may be easily effected by passing the ozonised 
air or oxygen through a hot tube, when on its emergence all 
traces of ozone will hava disappeared. 

49. Allot ropy. — Attention is directed to the fact that 
although oxygen and ozone are so different in many of their 
properties, yet they are simply modifications of one and the 
same element. The principal difference in constitution is 
in the numbers of atoms in the molecules, which are 
respectively two and three; in consequence of this the 
densities of the two gases are also in the ratio of these 
numbers. When an element occurs in two or more 
distinct forms it is said to be allotropic : for this 
reason ozone is sometimes referred to as 'allotropic oxygen.' 

1 Cookie 
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Summary. 

Oxygen is widely distributed. Discovered in 1774 by 
Priestley. May be prepared by decomposition of mercury 
oxide, chlorate of potash, and manganese dioxide. Manganese 
dioxide assists the decomposition of chlorate of potash without 
itself undergoing change. Forms compounds called oxides, 
one group of which, reddens litmus ; another restores the blue 
colour. Properties : a colourless, odourless gas, non-inflam- 
mable, supporter of respiration and combustion, neutral to 
litmus solution. 

Ozone is a condensed form of oxygen, has a peculiar odour, 
is produced in the passage of electricity through the air, also 
during the oxidation of moist phosphorus, is even more active 
as an oxidising agent than oxygen, is decomposed by a tem- 
perature of 237 C. into oxygen. 

Laboratory Hints. 

The student will require the following pieces of apparatus 
before he proceeds with the preparation of the gases. 

For generating apparatus No. I, Fig. 7, take a test-tube three- 
quarters of an inch in diameter and 6 inches long. Select a cork 
which just fits it, after being rolled or squeezed in order to soften it 
Take a piece of glass tubing 18 inches long, and bend it to shape 
shown in figure. The best way to bend glass tubing is to hold 
it horizontally in a gas flame (Fig. 9) from an ordinary burner, 
the long way of the Frl _ ^ 

flame. Keep twisting it 
round until it begins to 
soften, and then allow it 




to bend over to the right i 
shape by its own weight. 
If this is done properly 

the tube will assume a long uniform curve. Next, by means of 
the blow-pipe, make the ends of the tube just red-hot ; this will 
round off the sharp edges. Should it be necessary to cut the 
glass tubing to the proper length, this may be easily done by 
cutting a notch in the tubing with a triangular file, and then 
breaking, by a kind of combined pull of the glass asunder and 
snapping it away from the notch. Next it will be necessary 
to bore a hole in the cork. For this purpose instruments called 
Cooftc 
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cork-borers are provided : they consist of a set of thin brass 
tubes, the lower ends of which are sharpened A rod is also 
contained in the set, m order to thrust out of the borers the 
pieces cut from the holes. The rod can also be pushed through 
two holes in the top of the borer, forming a handle to grasp 
when boring. Before commencing, see that the borer is clear : 
then, beginning at the small end of the cork, bore carefully by 
twisting the borer and pushing it through. Take care, while 
going on, that the hole is straight. Do not place the cork 
against the bench and bore into the wood, as this blunts the 
borer. The hole should be cut, not bruised through. When 
finished thrust out the boring with the rod. The borer selected 
should be one just a shade less in diameter than the glass tubing. 
Before pushing the glass tube into the cork it may be advan- 
tageously touched over with a little grease. Hold the glass in a 
duster so as to protect the hand in case it breaks. The cork 
and glass tube should fit perfectly air-tight ; lutings and cements 
of all kinds are unnecessary for the preparation of such appa- 
ratus, which the student should take the trouble to make pro- 
perly in the first place, as so doing will save much time and 
vexation in after-experiments. 

This completes apparatus No. I, which is shown in use in 
Fig. 7. A couple of tubes should also be made of hard or com- 
bustion tubing, which stands a much higher temperature than 
the other kind. Take a piece of combustion tubing a foot long 
and warm it gradually in the middle over the flame of the foot- 
blow-pipe, at first without blowing ; keep turning it in the flame ; 
when warm, increase the heat slowly by blowing, until at last 
the whole strength of the blow-pipe is applied. The glass will 
shortly soften, and then the two ends must be drawn asunder. 
Break off the connecting thread of glass close to the end of the 
tube ; fuse up the small hole with the blow-pipe and the tube 
is complete, with the exception of rounding the edges of the 
open end in the flame, which must be done when the bottom is 
cool. Such tubes must be allowed to cool slowly, or else there 
is danger of their cracking; for the same reason they must be 
heated when in use very carefully and gradually. 

No. 2 apparatus should now be made. Fit a good cork to 
the 16 oz. flask ; take 6 inches of glass tubing and bend it in the 
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middle at right angles, always remembering 10 round off the 
ends. Bore two holes through the cork, one to lit this and one 
the thistle funnel. The glass bend should be just pushed through 
the cork, and the funnel should reach to within a quarter of an 
inch of the bottom of the flask. 

No. 3 apparatus consists of an 8 oz. flask, to which a cork is 
fitted with two holes ; through one is passed a bent tube reach- 
ing the bottom of the flask, and through the other a short bend 
like that in No. 2 apparatus. This same flask should also be 
provided with a cork with one hole and a single glass bend. 
The three are shown in Fig. 10. 



The whole of these should be constructed at the outset : 
they will be found sufficient for the preparation of most of the 
gases. If thoroughly cleaned immediately after use, they should 
last through the whole course of experiments. 

In the special sketches subsequently given the student may 
often adapt bent glass tubes already made by the use of india- 
rubber connections, instead of making new ones of the exact 
shape shown. 

The terms 'leading tube' and 'delivery tube' are applied to 
the tube by which a gas emerges from any particular piece of 

i by displacement and other pur- 
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poses a piece of glass tubing about 14 inches in length should 
be bent at right angles 3 inches from one end. 

For experiments gases are usually collected in gas jars or 
bottles. For ordinary purposes of the student, wide-mouthed 
bottles do very well about the size of a common pickle bottle ; 
they should however be of white glass. The gas is best retained 
in the bottle by placing a ground glass plate on the mouth, 
which must be ground flat This is very easily and quickly 
performed in the following manner : Procure a piece of plate- 
glass about 6 or 8 inches square ; place on it some emery of 
medium coarseness and water. Take the bottle, hold it firmly 
mouth downward on the plate, and rub with a circular motion. 
Half a minute's rubbing will generally suffice to grind the top 
true. The joint between the glass plate and the bottle is 
rendered air-tight by smearing the plate with a little grease. 
The resin cerate of the druggist answers this purpose admirably. 

Gases which are insoluble or only slightly soluble in water 
are best collected over the pneumatic trough. One of the most 
convenient forms of this apparatus is a circular basin of earthen- 
ware, and a little stand known as a beehive shelf on which the 
inverted jar is placed. To use the trough proceed in the fol- 
lowing manner : Put sufficient water in the trough to cover the 
beehive shelf; then, having ready the jars and plates, fill each 
jar with water, put on the plate, turn it upside down, and place 
the mouth of the jar under the water in the trough : on with- 
drawing the plate the jar remains filled from the pressure of 
the atmosphere. If there is room, all the jars should in this way 
be placed in the trough. Next place the leading tube from the 
generating apparatus under the shelf, and when the gas has 
driven the air out of the apparatus begin to collect by placing 
one of the bottles on the shelf. Have ready its plate ; when it 
is full remove it and substitute another, taking care to keep 
their mouths under the surface of the water during the whole 
operation. Next close the mouth of a full bottle with a plate, 
and take it out of the trough. Fig. 7 shows a jar placed for the 
collection of gas, the front of the trough being removed in order 
to show the beehive shelf. 

Gases which are soluble in water must be collected another 
way. They are sometimes collected in a pneumatic trough 
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over mercury. In general, however, the process of displace- 
ment is used. In this operation the gas is poured into the bottle 
and drives the air out. In cases where the gas is heavier than 
air, stand the bottles upright, and let the leading tube from the 
generating apparatus reach to the bottom of the bottle. Cover 
the top with a piece of cardboard, in order to prevent the escape 
of gas by diffusion. In order to find out if the bottle is full, test 
from time to time near the mouth. The test employed must 
depend on the nature of the gas ; oxygen may be recognised by 
its power of igniting a glowing splinter. When full close with 

When the gas is lighter than the air the whole arrangement 
must be inverted : the gas is then said to be collected by 
upward displacement. 



CHAPTER VI. 

HYDROGEN. 

Symbol, H. Atomic weight, 1. Density, 1. Spe- 
cific gravity, 0*0691. Molecular weight, H 2 , 2, 

Molecular, volume, I - " 1 ""!. 

50. Occurrence.— Hydrogen is chiefly found in com- 
bination with oxygen in the form of water, which contains 
one-ninth of its weight of hydrogen ; it is also a constituent 
of certain stars and nebulae, in which it occurs in the free 
state. Hydrogen was discovered in the sixteenth century 
by Paracelsus ; but its properties were not thoroughly 
studied until 1781, when Cavendish subjected the gas to 
systematic investigation, and demonstrated that it was an 
element. 

51. Preparation. — The attraction of the metals sodium 
and potassium for oxygen is so great that they readily decom- 
pose water, setting free the hydrogen, which, with sufficient 
care, can be collected. 



>,GoogIe 



54 Text-Book of Inorganic Chemistry. 

Expaiment 36.— Drop a very small piece of sodium into a 
trough of water ; notice that it melts, and rushing round on 
the surface for some time becomes smaller and finally dis- 
appears. 

Next, place a piece of either filter or blotting paper on the 
surface of the water, and drop a fragment of sodium on the 
paper ; it soon melts, and then takes fire, burning with an in- 
tensely yellow flame. 

Drop a piece of potassium in water ; it at once takes fire, and 
bums with a flame of a characteristic violet colour. In this 
case the intervention of filter paper is unnecessary. 

The combination of sodium and potassium with oxygen, 
even under these circumstances, is accompanied by considerable 
heat, which inflames the hydrogen gas displaced from the wafer 
by the action of the metal It is this gas which produces the 
flame : the characteristic tint in each case is due to the presence 
of the vapour of each metal. 

In any of these experiments with sodium or potassium and 
water in which the escaping gas should take fire, stand some 
little distance until it has burnt out, and then wait until the 
molten hydrate, which at first floats on the surface of the water, 
is dissolved ; at this moment there is always a slight spit, and 
there is the danger, if a person is standing immediately over it, 
that portions of the hydrate may get into the eye. It would be 
wiser for the student to omit these experiments until he has first 
seen them performed by the teacher. 

If the globule of metal, instead of being allowed to float' on 
the water, is held under the surface, bubbles of gas are seen to 
arise : these consist of hydrogen, and may be collected in the 
following manner : First fold a piece of fine wire gauze into a 
cone in precisely the same manner as directed in Experiment 19 
for the preparation of a filter paper. Have in readiness a pair 
of tongs, by which this may be held point upwards under the 
water. Place in the trough a small stout glass jar, inverted and 
full of water, ready for collecting the gas ; be sure that not a 
bubble of air remains in it Throw a piece of sodium about the 
size of a pea in the water, and at once depress it beneath the 
surface with the gauze cone, held in the tongs like a candle ex- 
tinguisher. Wait until the first bubble of gas arises, then hold 
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the jar over the rising gas and thus collect it Repeat this . 
operation with fresh pieces of sodium, until the jar is filled. 
Apply alight to the jar of gas ; it bums with a pale flame tinged 
yellow by the sodium vapour. 

The chemical change is thus represented : — 

2Na + 2H 4 = 2NaHO + H a 

Sodium. Water. Sodium hydrate. Hydrogen. 

Experiment 37. — Take another fragment of sodium and dis- 
solve in a small quantity of water in an evaporating basin ; 
when the action is over observe the soapy feel which the liquid 
gives to the fingers ; this is a characteristic of the class of 
bodies of which sodium hydrate is a member. Evaporate to 
dryness, and notice that a white solid substance remains. 

Sodium hydrate is frequently called caustic soda, or soda 
only, for the sake of brevity. The formula of sodium hydrate 
shows that it contains hydrogen ; in fact, it may be regarded 
as water in which one of the atoms of hydrogen has been 
replaced by sodium. It is possible to also displace the 
second atom of hydrogen by sodium, thus forming sodium 
oxide, Na 8 0, according to the equation — 

2NaHO + 2Na = 2Na a O + H 3 

Sodium hydrate. Sodium. Sodium oxide. Hydrogen. 

This second atom of hydrogen may also be displaced by 
either zinc or aluminium, which elements have the advan- 
tage of being more easily manipulated than sodium. 

Experiment 38. — Fit a four-ounce flask with cork and single 
delivery tube ; put in a small quantity of rinc and a piece of 
solid sodium hydrate about the size of a hazel-nut ; add just 
sufficient water to cover the bottom of the flask. Fix in the 
retort stand and apply heat ; at first bubbles of air come over, 
but when the sodium hydrate is melted, hydrogen is evolved, 
and may be collected over the pneumatic trough. The water 
takes no part in the chemical action, but is simply added to 
prevent the heat cracking the flask. 
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The following is the reaction which occurs : — 
2NaHO + Zn = ZnNa.Oj + H 2 

Sodium hydrate. Zinc. Sodium zinc oiide. Hydrogen. 

The most interesting point about these two experiments 
is, that by means of them we succeed in obtaining hydrogen 
from water in two distinct instalments ; proving that at least 
two atoms of hydrogen are present in the molecule of water. 
The successive displacements of hydrogen from water may 
be shown more clearly by writing the equation in the follow- 
ing manner : — 

Two molecules Two molecules of 

H 2 H s 6 a + Na 2 = Na 2 H s O s " + H 4 
Na a H 2 4 + Zn = Na 2 ZnO, + H a 
NajZnOj. 

There are several other metals beside sodium which are 
able to decompose water ; some of them, however, require 
a higher temperature. Iron is one of these metals. The 
decomposition is most readily effected in the following 
manner : — 

Experiment 30.— Take an iron tube about an inch in dia- 
meter; fill it with loose 
iron tumings,and heat 
to redness in a furnace, 
as shown in the figure. 
The furnace mayeither 
be one arranged for the 
use of charcoal, or one 
of Fletcher's gas-tube 
furnaces answers ad- 
mirably. Arrange a 
flask c for the genera- 
tion of steam, and 
attach it by means of 
glass and india-rubber 
tubes and corks </to the iron tube b. The steam which enters 
b is decomposed; hydrogen escapes, and is collected in the jar/ 
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The change is thus represented : — 

3Fe + 4H 2 = Fe,0 4 + 4H a 

The oxide of iron, Fe a O ( , produced in this experiment, 
is magnetic, and, unlike the oxide developed on iron by 
exposure to the atmosphere (Fe^Oj), is adherent, and a pro- 
tective from further rust. Barff's process for preventing 
articles from rusting is an application of this principle. 

While certain metals are thus able to decompose water 
with the evolution of hydrogen, there are others, of which 
copper is an instance, that are unable to decompose water 
at any temperature. 

The most convenient method for preparing hydrogen 
consists of acting on either commercial zinc or iron with 
dilute hydrochloric or sulphuric acid. As a rule, zinc and 
sulphuric acid are employed. The gas comes off readily 
and at the ordinary temperature : — 

Zn + H a S0 4 = ZnS0 4 + H a 

Zioc Sulphuric »cid. Zinc sulphate. Hydrogen. 

Experiment 40. — Place about half an ounce of granulated 
zinc in the flask of No. 2 apparatus ; to the delivery tube attach 
the bent glass tube of the apparatus No. I by means of a piece 
of india-rubber tubing, and arrange for the collection of the gas 
with the pneumatic trough. Pour about four ounces of water 
in the flask through the thistle funnel. Next add a very little 
concentrated commercial sulphuric acid ; about a teaspoonful 
is sufficient Give the flask a shake ; immediately there is a 
brisk effervescence, and the gas may be readily collected over 
the trough. More sulphuric acid should be added as the action 
slackens. Apply a light to the first jar that comes over ; it de- 
tonates somewhat violently, from the fact that it contains a mix- 
ture of hydrogen and air, which is explosive. The second may 
very possibly also contain air ; the third jar will probably be 
filled with pure hydrogen. Collect now four jars for experiment. 

Although hydrogen is thus readily evolved from sulphuric 
acid by the action of ordinary zinc, the pure metal is without 
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action on the dilute acid. Commercial zinc contains traces 
of other metals : these set up a voltaic (electric) action when 
placed in acid, and so cause its decomposition with evolu- 
tion of hydrogen. This effect of the impurities of ordinary 
zinc may be avoided by first coating the zinc with mercury. 
This is done by first thoroughly cleaning the metal with 
sulphuric acid, and then rubbing mercury over the surface 
until thoroughly bright. This operation is termed amalga- 
mation. That the effect is due to the presence of impurity 
is shown by adding a small quantity of. a solution of either 
a lead or copper salt to pure zinc and dilute sulphuric acid, 
when hydrogen gas is at once evolved. 

Experiment 41. — Add some dilute sulphuric acid to a little 
pure zinc ; notice that no gas is evolved. Amalgamate a strip 
of ordinary zinc, and also observe its action when placed in 
dilute sulphuric acid. To the amalgamated zinc and acid add 
two or three drops of copper sulphate solution ; gas is at once 
evolved 

The copper sulphate thus added is first decomposed 
according to the equation following ; the liberated copper 
then forms a voltaic couple with the zinc : — 

CuS0 4 + Zn = ZnS0 4 + Cu 

Copper sulphate. Zinc. Zinc sulphate. Copper. 

52. Properties.— Experiment 42.— Hold a jar of gas 
mouth downward ; apply a light : the gas burns at the mouth 
with a non-luminous and almost colourless flame. Thrust the 
taper up into the jar ; the taper is extinguished, but the gas 
continues to burn. 

The combustion of hydrogen in oxygen or atmospheric 
air produces water :— 

2H a + 0, = 2H a O 

Hydrogen. Oxygen. Water. 

All gases evolved from mixtures, in which water is 
present, contain aqueous vapour; therefore, before attempt- 
ing to prove the presence of water as a result of the com- 
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bustion of hydrogen, we should first dry the hydrogen itself. 
This is easily effected by passing the gas over some sub- 
stance which has an attraction, for water : the most import- 
ant desiccating or drying agents used by the chemist are 
calcium chloride, sulphuric acid, and quicklime. Which- 
ever of these is selected must depend on the nature and 
properties of the gas to be dried. Hydrogen may be dried 
by the use of either calcium chloride or sulphuric acid. 

Experiment 43.— Select a piece of glass tubing of half an 
inch or five-eighths bore and about nine inches long, round off 
the ends with the blow-pipe and fit a cork to each. To the 
one cork fit a tube bent at right angles, with the end drawn out 
to a jet ; through the other pass a piece of tubing bent to the 
shape shown in Fig. 12 ; or simply fit to it a straight piece of 
glass tube, and connect to the leading tube of the generating 
flask with india-rubber tubing: this 
part of the apparatus would then 
have to be supported by the retort 
stand. Fill the large tube with 
small fragments of calcium chloride, 
and place at each end, between 
the chloride and the cork, a plug 
of cotton-wool. A slow current of 
gas passed through this apparatus 
will emerge in the dry state. If 
necessary, place some more zinc 
and sulphuric acid in the generating 
flask; let the gas escape until a jar 
collected burns quietly without ex- 
plosion ; then attach the drying 
tube, and after a few seconds light 
the gas as it issues from the jet 
Too muck stress cannot Be laid on 
this injunction, to first see before 
lighting the jet that a collected jar 
of the gas bums quietly. Want of attention to this direction 
will lead to explosion of the whole apparatus. Take a glass 
tube eighteen inches or two feet long, and about half an inch 
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diameter ; if necessary dry the inside by pushing a plug of 
cotton-wool through; hold it over the jet: the watery vapour 
condenses in the cooler parts of the tube. 

This experiment is often accompanied by a peculiar 

musical note produced by a rapid series of small explosions 
within the long tube. The moisture which condenses on a 
kettle or other vessel of cold water heated over a gas stove, 
is the product of combustion of the hydrogen of the coal gas. 
Hydrogen is the lightest substance known, and for this 
reason is conveniently chosen as the standard for comparison 
of other gases : its buoyancy has led it to be used for the 
purpose of filling balloons; coal gas, from its greater cheap- 
ness, is, however, usually preferred. The following experi- 
ments are illustrative of this property : — 

Experiment 44.— Take a jar of the gas,and setting it down, 
mouth upwards, take off the glass cover ; after the expiration of 
thirty seconds apply a light ; the gas will be found to have 
entirely escaped. Take a second jar, and holding it mouth 
downwards remove the glass plate ; let it also remain for thirty 
seconds and apply a light ; the gas will take fire and burn as 
usual, but little of it having escaped. 

From its great lightness this gas may be poured upward 
from jar to jar. Take an empty jar, invert it, and removing the 
plate from a full one pour the gas up into it. In ten seconds 
place a light to each jar ; the gas in the inverted one will bum, 
the other will be found to contain no hydrogen. 

53- Gaseous Diffusion.— One distinguishing property 
of gases is the readiness with which they mix with each 
other. This is noticed especially with those gases possessing 
a characteristic odour : thus, if a gas burner be left open for 
even two or three minutes, the smell of coal gas may be de- 
tected over every part of a large room. Trie natural pro- 
cess by which one gas is thus disseminated through 
another is termed ' gaseous diffusion.' It takes place 
between all gases, even though the heavier is first at the 
lower level. In other words, a heavy gas will diffuse up 
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into a superincumbent light gas, while the light gas will 
make its way downwards and mix with the heavier one. In 
this way different gases, when placed in the same space, 
rapidly produce of themselves a uniform mixture. This 
process of diffusion will also go on through a porous mem- 
brane, as, for example, a thin diaphragm of plaster of Paris 
or porous earthenware. Thus, if a vessel be divided into 
two parts by a thin partition of porous material, and the one 
half be filled with one gas and the other with another, they 
will be found after some time to have become thoroughly 
intermixed with each other. The rate of diffusion of all 
gases through such a diaphragm is not the same but depends 
on their densities. The rate of diffusion of gases is 
inversely as the square root of their density. Thus, 
hydrogen and oxygen have respectively densities of i and 
16 i hydrogen diffuses four times as rapidly as does oxygen. 
The rapid diffusibility of hydrogen is illustrated in a striking 
manner by the following experiment : — 

Experiment 45.— Take a piece of glass tubing some ten or 
twelve inches in length, and proceed to close the one end with a 
layer of plaster of Paris in the following manner. First mix 
a little of the plaster with water, so as to form a thick cream ; 
spread this mixture uniformly on a plate to the depth of an 
eighth or three- sixteenths of an inch. Then press down in it one 
end of the clean dry glass tube, and allow it to remain undisturbed 
until the plaster has 'set' (become solid), which should take 
place in ten or fifteen minutes. Slide the end of the tube off 
the plate, and place it on one side for a day to dry. 

Cover the plaster diaphragm with a cap of tinfoil and fill the 
tube with dry hydrogen by upward displacement. Place the 
inverted tube with its lower end in the water of a pneumatic 
trough, and about half an inch below the level of the surface. 
For this purpose put a beehive shelf in the trough and fill with 
water, until the level is a half-inch above the top of the beehive. 
Remove the tinfoil cap and immediately the water is seen to 
rise within the tube against the action of gravity until the tube 
is about two-thirds full of water. As a converse experiment, 
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the tube may be filled with carbon dioxide, when the level of 
the gas descends and displaces the water altogether from the 
tube. 

In this experiment the hydrogen, being SO much lighter 
than air, diffuses out through the diaphragm nearly four 
times as rapidly as the air diffuses in ; the consequence is 
that the volume of gas in the tube rapidly lessens and the 
water rises. 

54. Reducing and Oxidising Agents.— A reduc- 
ing agent is a substance which removes oxygen or 
elements similar to it from compounds ; the word is 
most frequently used to signify a substance which enables 
us to obtain a metal in the free state from any of its combi- 
nations. Hydrogen is the typical reducing agent ; an illus- 
tration of its possession of this property is afforded by the 
action of the gas on copper oxide. 

Experiment 46. — Take a piece of combustion tubing, about 
fourteen or sixteen inches in length, and lit a cork and piece of 
small glass tubing to the one end. Introduce some powdered 
oxide of copper into the tube, and about four inches from the 
corked end. Fix the tube horizontally in a retort-stand, and 
pass dried hydrogen through it As soon as the whole of the 
air is expelled, apply heat by means of a Bunsen to the part of 
the tube containing the copper oxide. Notice after a time that 
water in considerable quantity condenses in the cooler part of 
the tube, and that the black oxide changes in colour to the 
characteristic red tint of copper. 

In this experiment the following reaction occurs : — 
CuO + H a = Cu + H.,0 

Copper oiide. Hydrogen. Copper. Water. 

Hydrogen is also capable of effecting the reduction of 
iron oxide to the metallic condition. In addition to these 
instances of a reducing agent being employed in order to 
obtain a metal in the free state, there are other reactions in 
which bodies are simply reduced to lower degrees of oxida- 
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rion. Instances of these will from time to time be given. 
Carbon, carbon monoxide, zinc, sodium carbonate, and sul- 
phurous acid are Other examples of reducing agents. 

An Oxidising Agent is one which imparts oxygen 
to a body, or otherwise causes it to combine with 
the substance. The term ' oxidising agent ' is also some- 
times used in a looser and more general sense ; as when a 
body is caused to combine with a higher proportion of 
chlorine or some other element more or less similar in 
character to oxygen. Oxygen, chlorine, bromine, potassium 
chlorate, nitric acid, hydroxy 1 , &c, are instances of oxidis- 
ing agents. 

55. Nascent Condition of Elements.— Several 

elements are much more active in their properties at the 
moment of liberation from a compound than in the ordinary 
free state. As a consequence they under these circum- 
stances produce chemical changes they are unable to effect 
when in their normal condition. 

Experiment 47. — Take some solution of ferric chloride ; 
notice that it has a sherry red tint. Bubble hydrogen gas 
through the solution ; notice that no alteration in colour occurs. 
Next add to the solution a little sulphuric add and then drop 
in a few fragments of zinc ; the colour very quickly disappears. 

In the second portion of this experiment the following 
chemical changes occur : — 

Zn + HjS0 4 = ZnSO< + 2H 

Zinc Sulphuric Zinc Nascenl 

acid. sulphate. hydrogen. 

2H + Fe s Cl 6 = 2FeCl, + 2HC1 

Nascent Ferric chloride. Ferrous chloride Hydrochloric 

hydrogen. Kid. 

The hydrogen evolved within the solution has reduced 
the ferric chloride to a compound of chlorine and iron 
containing less chlorine and almost devoid of colour. It 
has been seen that free hydrogen passed into the solution is 
incapable of effecting this change. At the moment of 
Cooc-Ic 
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liberation from a compound an element is said to be 
nascent, a word signifying being born. Why under 

these circumstances an element is so much more active than 
ordinary will be better understood when the student's know- 
ledge of chemical theory is more extended 

56. Properties of Hydrogen, continued. — The fore- 
going experiments show that this gas is colourless, odourless, 
tasteless, inflammable, and a non-supporter of combustion. 
It is of very low density, and consequently diffuses itself 
through other gases with great rapidity. Hydrogen is a 
powerful reducing agent, especially when in the nascent 

The gas prepared from zinc and sulphuric acid has gene- 
rally a slight odour from the presence of impurities in the 
zinc and acid ; when the gas is required in a state of abso- 
lute purity this is ensured by the use of pure reagents. 
Should iron be used instead of zinc for its production, the 
smell is much stronger, through the presence of compounds 
of hydrogen with carbon, carbon being an invariable con- 
stituent of common iron. The gas is not poisonous, but 
animals placed in it soon die from simple deprivation of 
oxygen. It is very slightly soluble in water, 100 volumes 
g only i - 93 volume of the gas. 
will be remembered by the student that hydrogen, in 
common with oxygen, is one of the gases which have been 
liquefied by MM. Cailletet and Pictet. Hydrogen was even 
obtained in the solid form, appearing as a jet of solid steel- 
blue particles. In many of its chemical relationships it 
behaves rather as a metal than a non-metal ; its appearance 
in the solid state tends to confirm this view. 

Summary. 

Hydrogen is principally found in water. May be prepared 
by the action of metals on that liquid, as sodium, iron, &c. ; 
also by action of zinc or iron on various acids. 

Hydrogen is a colourless, odourless, and tasteless gas, in- 
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flammable, a non-supporter of combustion ; it is also neutral to 
litmus solution. Is the lightest body known, and is a powerful 
reducing agent 

Laboratory Hints. 

it must not be forgotten in dealing with sodium that the 
fingers must be perfectly dry. 

In collecting hydrogen from sodium hydrate and zinc, if the 
tieck of the flask has been touched with the soda, there is fre- 
quently difficulty in keeping the cork in from its consequent 
soapiness. This may generally be prevented by just touching 
round the cork with dilute sulphuric acid. 

Great care must be taken in mixing sulphuric acid and 
water; if the directions given are followed there need be no 
fear ; on no account add the water to the sulphuric acid. . 

Never omit the precautionary measures given before lighting 
a jet of hydrogen; 

In handling chloride of calcium, place it in the drying tube 
as quickly as possible, and immediately replace the cork in the 
jar containing it 



CHAPTER VII. 

OXIDES OF HYDROGEN. 



There are two oxides of hydrogen known : — 

Hydrogen monoxide, or water . , '« H,0. 
Hydrogen dioxide, or hydroxyl . . . H y O ; . 

Water.— Formula, H 3 0. Molecular weight, 17-86. 
Density, 898. Specific gravity aa steam, OtJ22. . ■ . 

57* Occurrence. — Water is found so largely distributed 
In nature, and its Uses are so well known, that a description 
of its occurrence and many of its properties is superfluous. 
It is found in the three distinct forms of ice, water, and 
steam. 

„Goog£ 
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58. Properties. — There are very few substances which 
are not more or less soluble in it ; hence we never find water in 
a state of purity in nature. Even rain water contains traces 
of gaseous bodies dissolved from the atmosphere, while river 
water and spring water hold a considerable quantity of 
saline matters in solution. 

The soluble matter of river water is carried to the sea, 
and there left behind, as the water again evaporates to form 
clouds. In this way rivers are constantly adding to the 
saltness of sea,-water, the principal solid ingredient of which 
is common salt, or sodium chloride, NaCl. The sea con- 
tains in addition smaller quantities of magnesium and other 
salts, of which the compounds of bromine and iodine are of 
most importance 

Experiment 48. — Evaporate to dryness oij a clean piece of 
platinum "foil a few drops of common water j notice that a 
perceptible residue remains ; contrast with that obtained from 
distilled water. 

The method of purification of water by the process of 
distillation has been already referred to {p. 20). 

Experiment 49. — Take an eight-ounce flask fitted with cork 
and single bent tube, as shown in Fig. ro ; attach with india- 
rubber a glass tube! leading into the pneumatic trough ; fill the 
flask to overflowing with cold spring or rain water ; push in the 
cork ; the water displaced will drive the air from out the leading 
tube. Heat the water with the Hunsen, and place a large test- 
tube to collect in the Ordinary manner the gas which is evolved ; 
lit the water boil until no more gas is disengaged. 

In this way an estimate may be made of the quantity of 
air, and other gases, the water, when cold, held in solution. 
This quantity, though sniall, is of great importarice,- being 
the supply from which fishes derive the oxygen necessary 
for the support of respiration, and aquatic plants the carbon 
"dioxide requisite for their growth and development. The 
experiment also shows that gaseous impurities are not sepa- 
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rated from water by distillation, being carried over by the 
steam. 

59, Effects of Heat on Water.— The study of the 1 
effects of heat on water belongs rather to the domain of 
physics than chemistry, but it is important that the chemi- 
cal student should know the principal changes produced by 
heat. 

In common with other bodies water is expanded by the 
action of heat : this is readily observed in the following 
experiment ; — 

Experiment 50. — Fill an eight-ounce flask with cold wate? 
to within one inch of the mouth ; apply heat, and notice that 
before the boiling point is reached the water expands until the 
flask is entirely filled ; set aside to cool, or cool more rapidly 
by placing the flask in a trough of cold water ; notice that the' 
original volume is regained. 

If a piece of ice be taken at a temperature considerably 
below the freezing point, and subjected to heat* an interesting; 
series of changes may be observed. The ice first expands as 
heat is applied ; at o° C. the temperature remains stationary 
until the whole of the ice is melted. The heat necessary to 
melt a given weight of ice at 0° C. would raise the same 
weight of water from o° to 79° C. A considerable diminution 
of volume accompanies the change of ice into water, io'cy 
volumes of ice producing only 10 volumes of water. The 
whole of the ice being melted, a further application of heat 
raises the temperature steadily until roo" C. is attained' 
At first the ice-cold water contracts as it becomes hotter, 
until 4°C is reached. At this point water expands on 
being either heated or cooled : this temperature is there- 
fore termed that of the maximum density of water, as at 
this point the greatest weight of water is contained in 
the smallest space, maximum density being necessarily asso- 
ciated with minimum volume. The expansion proceeds 
regularly until ioo° C. : at this temperature the water boils, 
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and is entirely changed into the gaseous state by a continued 
application of heat. The temperature remains constant while 
any water is left. The quantity of heat necessary to convert 
a given weight of water at ioo° C. into steam at the same 
temperature is sufficient to raise 537-2 times the weight 
through i" C 

Steam in cooling passes through a series of changes 
which are just the converse of those it experiences on 
being heated ; it gives out just the same quantity of heat in 
changing from steam to water as was required to convert 
the water into steam ; further, the water in solidifying evolves 
the same amount of heat as was necessary to effect its lique- 
faction. 

60. Tension of Aqueous Vapour. — Water gives off, 
at all temperatures, vapour, which exerts a definite pressure ; 
as the temperature rises the pressure of the vapour also 
increases. At the boiling point of water, or any liquid, 
the pressure or tension of its vapour is equal to that of the 
atmosphere. This fact may be easily proved by experiment. 

Experiment 51. — Take a (J tube A, as shown in Fig. 13, with 
one end sealed ; the limbs of the tube may be from about one 
foot to eighteen inches long and three-eighths of an inch 
diameter. Pour in a few drops of water, and let them run 
round to the sealed end ; next fill with mercury, so that the 
metal shall stand at the bottom of the straight portion of the 
open limb of the tube, the closed one being full ; the mercury is 
retained in position when the tube is upright by the pressure of 
the atmosphere ; on its surface in the sealed end a few drops 
of water will be seen floating. The sealed limb must now be 
enclosed in a jacket (b) composed of a glass tube sufficiently 
wide (about one inch diameter) to permit of the passage of 
steam between the two glass tubes. Fit the steam jacket with 
two corks ; fix a glass bend to the upper one ; and through the 
lower bore one hole in the centre for the U tube, and another 
in which must be introduced a glass tube to lead away the 
waste steam. Fix the apparatus upright in the retort stand, 
and pass steam through the jacket from water boiled in a flask ; 
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as the temperature of the jacket rises, the mercury is depressed, 
until it at last is stationary, and at a level in the two limbs of 
the (J tube. 

The mercury in the outer limb is subjected to the pres- 
sure of the atmosphere, that in the inner to the pressure of 
the steam ; the surfaces being level with each other is a 
proof that the two pressures balance, and therefore the 



boiling point of a liquid is that at which the tension of its 
vapour equals that of the atmosphere. 

It follows that if the pressure on a liquid be varied, its 
boiling point also changes ; if a few drops of water be placed 
in the vacuum at the top of the mercurial column of the 
barometer, where the pressure is nil, the boiling point falls 
below that at which water freezes. On the tops of mountains 
where the atmospheric pressure is comparatively low, water 
boils below ioo°, while in steam boilers, where it is exposed 
to great pressure, the boiling point rises to 144 with a 
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steim pressure of 60 lbs. to the square inch (4 atmospheres) 
and to 180 at a pressure of 150 lbs. 

61. Solution and Crystallisation. — The fact has 
already been mentioned that water acts as a solvent of very 
many substances; it usually so acts more powerfully when hot 
(except with gases which are more readily absorbed by cold 
water). Thus sodium sulphate is soluble in rather more 
than double its weight of water at usual temperatures ; 
whereas the salt may be dissolved without difficulty in its 
own weight of warm water. 

Substances differ very greatly in their degree of solubility: 
they may be roughly classified into (1) freely soluble sub- 
stances, as sugar, washing soda, alum ; (2) slightly soluble 
substances, as gypsum or plaster of Paris ; (3) insoluble 
substances, as chalk, flint, and sand. 

Experiment 52. — Take half an ounce of sodium sulphate, 
place in a test tube, and add the same weight of water ; heal 
gently : the salt is dissolved. Now allow the solution to cool ; 
as the temperature falls the water is unable to hold the whole of 
the salt in solution, and a portion separates in the solid state, 
as a series' of long four-sided prisms : these are crystals of 
sodium sulphate. At times in this experiment the solution may 
be cooled down without any crystals whatever separating. Should 
this be so, add the minutest particle of the dry sodium sulphate ; 
crystals will immediately separate. 

Prepare crystals of sodium carbonate, and copper sulphate, 
in precisely the same manner. . . 

A substance is said to be crystallised whenever it 
assumes a definite geometrical form ; the same sub- 
stance, as a rule, always crystallises in the same form or 
group of closely allied forms. When a body assumes two 
distinct crystalline forms it is said to be dimorphous : the 
study of even the more familiar elements includes some very 
important instances of dimorphism. A body which does not 
occur in crystals is termed amorphous, it. without (crystal- 
line) form. 
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Many bodies require, in order to build up their crystals, 
a certain quantity of water ; on removing this th,e crystalline 
form is destroyed. 

Experiment 53. — Pour the contents of the sodium sulphate 
tube from the last experiment on a filter, so that the liquid may 
drain off (mother-liquor) ; dry the crystals by gently pressing them 
between the folds of a dry filter. Remove the dry crystals into 
a test-tube which is also dry, and very gently apply heat ; the 
crystals melt, a quantity of water is given off, which condenses 
in the upper part of the tube, and ultimately a white, solid and 
amorphous mass remains at the bottom. 

Such water is called water of crystallisation, and is 
always constant in quantity. Thus, crystallised sodium sul- 
phate contains 10 molecules of water to one of the salt : 
this is represented in the formula, Na 5 S0 4 , 10H s O. 

62. Composition by Volume. — Water, until within 
the last hundred years, was looked on as an element The 
experiments described in the last chapter on hydrogen will 
have shown the student that its composition is compound, 
hydrogen having been obtained from it, and water again 
produced by the combustion of that gas in air. 

By intense heat water may be separated into oxygen and 
hydrogen ; the most convenient force to apply for this pur- 
pose, however, is that of voltaic electricity. The following 
series of experiments on the analysis of water by electricity 
(electrolysis) and its synthesis should, if possible, be per- 
formed by the student ; failing this he should read the direc- 
tions here given most carefully, and watch the results 
obtained when the experiments are performed by the 
teacher. 

Experiment 54. — The electrolytic apparatus, shown in 
Fig. 14, is to be attached by means of the wires to a battery 
consisting of two or three Grove's or Bunsen's cells. Such an 
apparatus is readily constructed by taking a wide-mouthed 
bottle of six or eight ounces capacity, fitting it with a good cork, 
passing through it the delivery tube 4 and two platinum wires, 
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to which pieces of platinum foil are attached ; the bottle, being 
filled to the neck with water, to which twenty or thirty drops of 
sulphuric acid have been 
4 ' added, is ready for use. 

Instead of the platinum 
wires through the cork, as 
shown in the figure, pieces 
of glass quill tubing may be 
used, the platinum wires 
being fused into the ends of 
the tubes, which are to be 
filled with mercury ; the 
connection with the battery 
is then easily made by push- 
ing the clean ends of the 
wires into the mercury. The 
leading tube d has a drying tube filled with chloride of calcium 
attached to it ; unless the issuing gas is required to be perfectly 
dry this may be dispensed with. The apparatus being in work- 
ing order, connect the battery ; notice that a stream of bubbles 
of gas ascends from each piece of platinum. Collect the gas 
issuing from the leading tube in an egg-shaped soda-water bottle 
over the pneumatic trough. When full close the mouth either 
with a cork or the palm of the hand ; wrap up the bottle care- 
fully in a duster and apply a light ; the gas explodes violently. 
Place the leading tube of the apparatus in a strong solution of 
soap, and thus blow some bubbles. Remove the apparatus and 
apply a light to the bubbles ; they detonate loudly. 

The pieces of platinum foil are called electrodes ; that con- 
nected with the zinc of the battery is the negative, the other the 
positive electrode. 

Experiment 55. — Proceed again to electrolyse water, using 
this time an apparatus (Fig. 15) in which the gas evolved from 
each electrode is collected separately. Fill the vessel V with 
acidulated water, then fill the glass tubes with the same 
water, and invert one over each electrode. Connect the battery 
wires to the binding screws SS, to which the electrodes are 
attached Gas immediately rises in each of the tubes ; it is 
soon noticed that in that inverted over the negative electrode 
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the volume is double that evolved from the positive electrode. 
When nearly full remove the inverted tube containing the larger 
quantity of gas, and apply a light ; _, 

it burns quietly with the familiar 
pale blue flame of hydrogen. In 
the second tube of gas plunge a 
glowing splinter ; it re-lights, the 
gas being oxygen. 

These experiments prove that 
water is capable of decomposition 
into oxygen and hydrogen in the 

proportions of one volume of the former to two of the latter. 
The student should also leam that the reunion of oxygen 
and hydrogen again produces water. 

Experiment 56. — Take the soda-water bottle used for the 
collection of the mixed gases in the electrolysis of water ; fill it 
with water, and pour out into a graduated measure ; pour in 
again one-third of the quantity it holds, and mark the height by 
a file on the outside of the bottle ; pour in another third, and 
again make a mark. Now place the bottle in the trough, fill 
with water, and pour in, from a jar previously filled, one-third 
its volume of oxygen (Fig. 16). An easier way is to place the 
soda-water bottle on the beehive shelf, and place the mouth of 
the other underneath it ; or a funnel may be inverted in the 
mouth of the soda-water 
bottie. Next fill the remain- - F '^' v " 

ing two-thirds of the bottle 
in the same way with hy- 
drogen. Remove the bottle, 
give it one or two shakes, 
and, after wrapping in a 
duster or towel, apply a tight ; 
it explodes in just the same 5 
manner as the detonating 7 " __ g = 
gas collected by electrolysis. 

The recombination of the two gases may be also effected 
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by passing an electric spark through the mixture. Cavendish 
used in his investigations a strong glass vessel with two pla- 
tinum wires inserted in it so that the electric spark might 
pass through the gases between their ends. A form of his 
apparatus is shown in a, Fig. 17. This vessel is first ex- 
hausted by the air-pump, then attached to the graduated 



glass jar containing a mixture of two volumes of hydrogen 
and one of oxygen ; on opening the stop-cock c, the vessel 
fills with the mixture ; the stop-cock is closed and an elec- 
tric spark passed ; drops of water condense on the sides of 
the vessel. The stop-cocks may be again opened and the 
vessel re-fills ; by the passage of a spark a second quantity 
of water is produced. This operation may be repeated until 
the whole of the gases have been caused to combine ; by this 
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time there is an appreciable quantity of water in the glass 
vessel. 

A somewhat similar experiment to this, but performed on 
a smaller scale, may be tried by the student himseif. 

Experiment 57. — for this experiment procure a eudiometer 
tube (Fig. 18). This consists of a stout glass tube about twenty 
inches in length and half an inch 
diameter, closed at one end. Near 
the closed end two platinum wires 
are fused into the glass, their points 
being about a sixteenth or eighth of 
an inch apart Fill this tube with 
mercury, and invert in a small 
trough, also containing mercury, and 
provided with an india-rubber pad 
at the bottom. Fill the tube about 
one-third full of the mixed gases 
evolved by the apparatus jn Fig. 14 ; 
attach the wires to a small induc- 
tion coil or an electrophorus ; hold 
the eudiometer down firmly on the rubber pad, and pass a spark 
through the gaseous mixture ; there is a bright flash of light at 
the moment of combination ; lift the tube slightly; the mercury 
rushes in and entirely fills it. 

In this experiment the water vapour first formed imme- 
diately condenses. Another most important experiment, 
which the student should perform, if possible, consists of 
measuring the relative volume of the mixed gases, and the 
steam produced by their union. 

The apparatus, usually described for this experiment, 
necessitates the use of means for maintaining the tempera- 
ture of the eudiometer well above the boiling point of 
water. Vapour of amylic alcohol, which boils at 132 C, 
is passed through an outer tube in which the eudiometer 
is placed. There is an elegant modification of this appa- 
ratus devised by Professor Reynolds, in which use is made 
of the fact that water boils at a lower temperature under less 
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atmospheric pressure. The pressure on the water vapour 
inside the eudiometer being lessened, it is kept above its 
condensing temperature simply by the passage of steam 
through the outer tube. 

Experiment 58.— Take a eudiometer tube about thirty inches 
long ; place over it the jacket 
r,a "■ /, which should be about fif- 

teen inches in length and an 
inch in diameter. Each end 
of the jacket is fitted with a 
cork ; through the upper one 
a bent glass tube is passed, 
which is connected with the 
glass flask/ containing water 
heated by the Bunsen ; ww 
are the wires, also passed 
■ through it, connecting the 
eudiometer with the induction 
coil. The lower cork has one 
hole which fits the eudiome- 
ter ; through a second the 
tube / is fixed for waste steam. 
Two small india-rubber rings 
should be passed over the 
outer jacket. Fill the eudiometer with mercury and invert it in 
a mercury trough with india-rubber pad^ and a well b. Pass 
into it some of the electrolytic gases, about sufficient to one-third 
fill the tube ; do not let the quantity exceed this. Connect the 
flask /and pass a current of steam until the gases inside the 
eudiometer, expanding with the increased temperature, once 
more attain a constant volume. Mark this point by sliding the 
lower of the india-rubber rings lo the surface of the mercury. 
Measure also and note the height of the mercury above the 
surface of that in the trough. Pass an electric spark, holding 
the eudiometer meanwhile firmly on the india-rubber pad ; the 
gas after combination is seen to decrease in volume ; as soon 
as stationary, depress the eudiometer in the well b until the 
mercury stands again the same height above the surface in 
the trough as when previously measured. Now place the 
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second ring coincident with the surface of the mercury in the 
eudiometer. The amount of contraction thus measured will be 
found to be just one-third of the whole volume. 

The current of steam must be maintained during the whole 
of the experiment. It may be found convenient to regulate the 
pressure by raising the mercury trough instead of lowering the 
eudiometer. 

Three volumes of the mixed gases have produced two 
volumes of steam measured at the same temperature and 
pressure. 

63. Composition by Weight —The preceding series 
of experiments .will have shown the student the composition 
of water by volume ; it is necessary that he should also be 
acquainted with the means employed for the determination 
of the exact composition by weight. While iron and other 
metals decompose water, owing to their great attraction for 
oxygen, there is another group the oxides of which are de- 
composed by hydrogen, from their having a less powerful 
attraction or ' affinity ' for oxygen than hydrogen has for that 
element As seen in a previous experiment (No. 46), if 
oxide of copper be heated in a current of hydrogen, water is 
produced and copper liberated in the free state: — 
CuO + 2H =3 H s O + Cu 

Oxideof cop.tr. Hydrogen. Water. Copper. 

With proper precautions this reaction enables us to 
ascertain with exactness the relative weight of hydrogen and 
oxygen which water contains. 

Experiment 59. — Procure a piece of combustion tubing about 
one foot in length, and with a bulb one inch in diameter blown in 
the centre. Partly fill this bulb with clean dry copper filings 
and weigh the bulb and its contents. Pass a gentle current of 
oxygen from a gas bag, or other holder, through the tube, and 
heat the bulb to redness by means of a Bunsen. In about five 
minutes disconnect the apparatus and weigh the bulb ; notice 
that it has gained in weight This is due to the formation or 
copper oxide, 
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Next pass hydrogen over the copper oxide thus produced 
and heat gently, using the same precautions as previously de- 
scribed in a similar experiment. Notice the production of water, 
which drive out of the tube by slightly warming it throughout 
its whole length. When no more water is being evolved, cease 
the passage of hydrogen, allow the tube to cool, displace any 
hydrogen it may contain by passing a current of ai.r through ; 
and again weigh the tube. The weight is the same as that of 
the tube originally, showing that the oxide is again reduced to 
the metallic state. 

In order to utilise this chemical change for the determina- 
tion of the relative proportions by weight of hydrogen and 
oxygen in water, the following modification of this experiment 
may be adopted r — 

Experiment 60. — Fit up the apparatus shown in Fig. 20 ; by 
preparing first a generating flask or bottle a in which hydrogen 



is evolved by the action of zinc and sulphuric acid. Attach 
this to the wash-bottle B, in which place a solution of caustic 
potash in order to retain any traces of sulphuric acid that may 
be carried over mechanically. Fit up the tubes C, D, E with 
corks and leading tubes, so that the gas may be conducted : 
through the whole series. Fill c and e with fragments of pumice ; 
moisten that in C with a solution of mercuric chloride (HgCL,) 

„Googk 



Composition by Weight of Water, 79 

and that in E with strong sulphuric acid. Fill d with fragments 
of fused potash. The passage of the gas through the wash- 
bottle and these tubes removes all impurities, dry hydrogen 
only escaping from E. The globe F is a bulb blown on a piece 
of combustion tubing ; attach this to e by india-rubber tubing 
and so arrange that a Bunsen may be placed underneath it 
Arrange the bulb G for the collection of water, and for H obtain 
a drying tube and fill it with fragments of calcium chloride. 

Having the rest of the apparatus in readiness, introduce 
about half an ounce of dry copper oxide in F and weigh 
accurately. Also weigh both g and h. Connect up the appa- 
ratus by india-rubber tubing and see that the joints are air-tight 
By the addition of a small quantity of sulphuric acid to A, cause 
a slow evolution of hydrogen ; allow this to expel the whole of 
the air from the apparatus and then gently heat the oxide of 
copper by means of the Bunsen under F ; notice that water is 
formed, and collects in the receiver G ; any traces of vapour are 
retained by the calcium chloride in H, In about ten minutes 
remove the Bunsen and allow the bulb to cool ; disconnect the 
hydrogen apparatus A and draw air through the tubes in order 
to "displace the hydrogen. Weigh the copper oxide globe ; the 
loss represents the oxygen which has combined with hydrogen 
to form water. Weigh also G and H ; their combined increase 
in weight is the weight of water which has been produced. 

Supposing as the result of an actual experiment that the 
oxide of copper has lost 16 decigrammes of oxygen, the 
receiver and drying tube will be found to have gained 
18 decigrammes in weight. We know, therefore, that water 
contains (very nearly) 16 parts by weight of oxygen and 2 
parts by weight of hydrogen in 18 parts of water. 

64. Hydrogen Dioxide, or Hydroxy! — This second 
compound of hydrogen and oxygen differs from water in 
that it contains an extra atom of oxygen in the molecule ; 
the second atom is, however, held somewhat loosely; hence 
this body is readily decomposed into water and free oxygen.; 

For a description of hydroxy! the student is referred to 
one of the larger treatises on Chemistry. 
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Summary. 
Water is a widely distributed liquid ; from its solvent 
powers it is never found pure. Heat changes its condition from 
solid to liquid and liquid to gas. The boiling point depends on 
pressure. Many crystals contain water as an essential con- 
stituent. Is decomposed by electricity into an explosive mixture 
of gases ; each may be collected separately ; the gases re-combine 
to again form water. By volume water consists of two volumes 
of hydrogen and one of oxygen, which condense on union to 
form two volumes of steam. By weight water contains sixteen 
parts of oxygen to two of hydrogen. 

Laboratory Hinls. 

The U tube with jacket and eudiometer for the experiments 
of this chapter may be obtained from the general apparatus of 
the laboratory. The boiling flask shown in Fig. 13 is fitted 
with a safety tube F, which provides for the exit of steam until 
required to pass through the apparatus. The beaker D is 
nearly filled with water. When the screw-tap e is closed the 
Steam must perforce adopt that way of escape ; but if the tap 
be opened the steam passes through the apparatus in preference 
to forcing itself through some four or five inches of water in the 
beaker. This device may be dispensed with in this particular 
experiment, but frequently is of great use where a current of 
steam is required to be carefully regulated or alternately shut 
off and re-admitted. 

In working with mercury, take care that none is lost. Failing 
a proper bench with a ledge round it, it is better to stand the 
whole apparatus in a shallow drawer or tray. Dirty mercury 
may be cleaned by folding a piece of writing paper as a filter 
and placing it in a funnel. Prick two or three holes with a pin 
through the bottom ; pour in the mercury ; it runs through 
perfectly bright and clean. To. fill a U tube, pour in as much 
mercury as it will hold ; then close the open end with the 
thumb ; and turn it over : the mercury will run into the sealed 
limb. If necessary, turn it upright, pour in some more mercury, 
and turn flat : in this way the tube may be filled. 

„GoogIc 
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In the sodium sulphate experiment it is possible that when 
the liquid is cooled no crystals will separate. If this be the 
case, throw in a single small crystal of the salt : around this as 
a nucleus the crystals will rapidly form. 

An electric battery of three or four of either Grove's or 
Bunsen's cells is most suitable for the decomposition of water ; 
the only difference between these forms of battery is that Grove 
employs as the positive element a sheet of platinum foil, while 
Bunsen uses a rod of carbon. To use the battery, first see that 
the zinc plates are bright all over with mercury ; if this is not the 
case, they should be re-amalgamated. Dip each plate in a 
dilute solution of sulphuric acid (i of acid to 10 of water) ; after 
half a minute remove the plate, pour a little mercury on it, and 
rub over every part with a piece of flannel tied on to the end of a 
stick until the whole surface of the zinc is bright with a coating 
of mercury. Place the zincs in the outer cells with the ends to 
which the binding screws are attached, all looking the same 
way ; put in the porous cells, and the platinum foil again inside 
the porous cell. Connect the end zinc of all to the conducting 
wire by means of a binding screw ; connect together the plati- 
num of that cell and the zinc of the next with a binding screw, 
letting the screw be on the zinc side and the flat part of the 
connection against the platinum. The platinum and zinc of 
each of the adjoining cells must be thus connected ; the end 
ire attached to it. At the end 
; supplied, there is a piece of 
sheet vulcanite, against which the platinum is fixed. All the 
connections, wires, &c, must be perfectly clean and bright 
Next fill the porous cells by the aid of a funnel with the 
strongest commercial nitric acid, taking cate that none over- 
flows. The outer cells are to be filled with sulphuric acid of 
the same strength as that used to amalgamate the lines. When 
the battery is finished with, unscrew the connections, wash the 
binding screws in a stream of water, and wipe dry with a 
duster. Pour the nitric acid back into a bottle kept for the pur- 
pose. The sulphuric acid may, as a rule, be thrown away ; if used 
for only a few minutes it may, however, be employed once again. 
Rinse the porous cells and other parts thoroughly ; before 
putting away, the porous cells will be all the better for soaking 

G 
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in clean water for a few hours. Always keep them full of water 

The most convenient apparatus for the production of an 
electric spark is a small induction coil. This is conveniently 
worked by a single bichromate cell ; the advantage of this 
is that the cell is kept charged, the zinc being simply lifted out 
of the liquid. When required for use, connect by means of 
wires to the coil ; connect also the terminals of the secondary 
circuit to the eudiometer ; before filling it with gas, see that all 
is in working order ; lower the zinc of the cell in the acid, 
tighten the binding screw, and turn on the current by means of 
the screw or handle fixed for that purpose on the coil ; a rapid 
series of sparks should pass between the ends of the wires in 
the eudiometer. Do not let the zinc remain in the acid longer 
than necessary for the experiment. 

In using ether, take care to keep any light at a distance ; 
also replace the stopper and put the bottle in its proper place 
immediately. Ether is very volatile and very inflammable. 

In Experiment 49 the reason for filling the leading tube with 
water is to lessen the amount of air which is mixed with the 
small quantity of gas given off. An easy way to do this is to 
attach some india-rubber tubing to the end of the leading tube ; 
suck water into it from the trough or a beaker, and when full 
pinch the rubber tubing, fit the cork to the tube, and allow the 
end to remain under the water in the trough. 



CHAPTER VIII. 

CHLORINE. 

Symbol, CI. Atomic weight, 3537. Density, 
36*37. Specific gravity, 2435. Molecular weight, 
Cl 2 , 70-74. Molecular volume, r~ r ~ l . 

65. Occurrence. — This gas is not known in the free 
state in nature, but occurs in vast quantities in combination 
with sodium, forming rock salt. 
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66. Preparation.— The gas may be readily obtained 
from its compound with hydrogen (hydrochloric acid, HC1) 
by the action of manganese dioxide ; on mixing these sub- 
stances together a compound of chlorine with manganese is 
formed thus : — 

4HC1 + MnO„ •= MnCl, + 2HjO 

Hydrochloric Manganese NuHinse Water, 

The manganese tetrachloride is an unstable compound, 
and, with an elevation of temperature, is decomposed into a 
chloride containing half the amount of chlorine, with the 
separation of the remainder in the free state : — 

MnClj = MnCl 3 + Cl a 

Manganese Manganese - Chlorine, 

tetrachloride, dichloiide. 

In the actual preparation of the gas these two actions go 
on together, the tetrachloride being decomposed as rapidly 
as formed. Chlorine is manufactured in large quantities by 
this process for various uses in the arts. Chlorine is some- 
times prepared from common salt (sodium chloride) direct, 
by the action on it of manganese dioxide and sulphuric acid; 
the gas is disengaged in the cold, but more rapidly with the 
application of heat. The whole of the chlorine is liber- 
ated :— 

2NaCl + 3H s SO< + MnO, = 

Sodium Sulphuric acid. Manganese 

chloride. dioxide. 

2NaHSO, + MnSO, + CI, + 2H,0 

Hydrogen sodium Manganeie Chlorine. Water. 

luTphilE. sulphate. 

Chlorine may also be obtained by the electrolysis of a 
solution of hydrochloric acid. 

For the study of the properties of chlorine the gas may 
be prepared from hydrochloric acid and manganese dioxide 

Experiment 61.— Take the apparatus No. I, consisting of a 
sixteen-ounce flask, fitted with thistle funnel and leading tube. 



84 Text-Book of Inorganic Chemistry. 

Pour into the flask sufficient strong commercial hydrochloric 
acid, to just cover the bottom ; then add about an ounce of 
powdered manganese dioxide ; next pour in three or four ounces 
of the hydrochloric acid and shake [he mixture well up ; fix in 
the retort stand and introduce the cork. A, Fig. 22, is a flask 
arranged for the preparation of chlorine. The gas, being solu- 
ble in rather less than half its volume of cold water, cannot well 
be collected over thatliquid. The process of downward displace- 
ment must be employed, or the water used must be hot. Eight 
jars of the gas- will be required for the following experiments ; 
it will be, as a rule, convenient to fill the jars twice. Having the 
four jars and well-greased plates ready, proceed to collect over 
hot water, if obtainable ; if not, by downward displacement 
In the latter case, the colour of the gas will indicate when the 
jars are fulL Light the Bunsen and apply a gende heat ; the 
gas is readily disengaged. Having filled three bottles, remove 
the Bunsen, and the action will almost cease until the flame is 
re applied. Under any circumstances, take care that as little 
gas as possible escapes in the room. Where possible, chlorine 
should be made in a stink-closet — i.e. a closet provided with a 
sliding glass door and flue for the removal of obnoxious gases. 
If there is no other alternative but to make it in the open labora- 
tory, have every window possible open. It must be remembered 
{hat when a flask is heated a piece of wire gauze is to be inter- 
posed between it and the flame. 

67. Properties. — Experiment 62. — Introduce into one jar 
a lighted taper : the gas does not take Are ; the taper continues 
burning, but with a dull, smoky flame ; notice that in addition 
to the soot there is an abundance of white fumes produced. 

Experiment 63 — Put a small piece of phosphorus in a 
deflagrating spoon, and, without lighting it, place in a jar of 
the gas ; notice that it commences to bum spontaneously, but 
does not evolve a very bright light. 

Experiment 64.— Powder very finely some metallic antimony 
and drop a pinch into a bottle of the gas ; it immediately takes fire. 
Into another jar drop a sheet of thin copper foil, or else a leaf 
of Dutch metal (a mixture of copper and zinc) : it also imme- 
diately takes fire. 

For two of the following experiments dry jars are re- 
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quired ; they must, therefore, be wiped dry with the duster 
and filled by displacement : — 

Experiment 65. — Take a small piece of sodium in a dry 
and clean deflagrating spoon ; heat in the Bunsen flame until 
it is quite melted ; plunge it in the dry jar of gas : it burns 
with the production of great heat, and white fumes of common 
salt are deposited. 

Experiment 66— Take the other dry jar of gas and intro- 
duce into it a piece of dry red cloth or blotting-paper. Notice 
that the colour does not disappear. 

Next pour into the jar of gas a solution of some vegetable 
colouring matter, as litmus or indigo ; shake up : the colour is 
instantly destroyed and cannot be restored. Introduce also a 
moistened piece of red blotting-paper : the colour is discharged. 
It will be observed that the presence of water is necessary in 
order that the operation of bleaching may proceed. 

Experimental. — Fit up the eight-ounce flask.for the gene- 
ration of hydrogen from zinc and sulphuric acid ; attach to it a 
jet thus (Fig. 21), with a piece of india-rubber tubing. After 
taking the usual precautions, light the jet and introduce it 
into a jar of chlorine ; „ - - 

notice that the gas 
continues to burn, and 
that copious fumes are 
formed. At the same 
time, the yellow tint 
due to chlorine dis- 
appears. 

The affinity of 
hydrogen and chlo- 
rine for each other is 
so great that many 
organic bodies con- 
taining hydrogen are 
decomposed by chlo- 
rine gas. 

Experiment 68.— Take a piece of tow, pull it out as loose 
as possible, wet with turpentine (a hydrocarbon with the formula 
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C 1D H„) ; drop this into a jar of chlorine ; it is decomposed, 
usually with heat and light The carbon is deposited as soot ; 
the hydrogen again produces fumes of hydrochloric acid. 

The student will now have verified mariy of the pro- 
perties of this gas for himself in the preceding experiments. 
Chlorine is of a yellowish green colour, and has a most 
pungent and disagreeable odour, which, when much diluted 
with air, somewhat resembles that of seaweed It acts as an 
irritant poison when in the pure state, or even when present 
in considerable quantity in air. 

It is soluble in cold water, which, at a temperature of 
15 C, dissolves 2368 volumes of the gas. Chlorine can 
be liquefied by a pressure of six atmospheres at o" C, but 
has not yet been frozen. 

Experiment 69. — Pass some chlorine from the gas-evolving 
apparatus for some time into water. Note that the gas imparts 
a yellow tint to the water, which at the same time acquires the 
characteristic odour of chlorine. 

Add a little of this chlorine solution to solutions Of litmus 
and indigo ; notice that the solution possesses the same bleach- 
ing properties as the gas. 

Add some of the chlorine solution to silyer nitrate solution ; 
a white precipitate of silver chloride is formed. 

To solutions respectively of potassium bromide and iodide 
add chlorine solution ; notice that in each case a deep colora- 
tion is produced, which is due to the liberation of bromine or 
iodine. To prove the presence of free iodine in the potassium 
iodide solution, add a few drops of a solution of starch, when 
the characteristic deep blue coloration is produced. If wished, 
the potassium iodide and starch solutions may be mixed prior 
to the addition of the chlorine. 

Like oxygen, chlorine supports combustion, and is non- 
inflammable; it is a most active element, forming bodies 
called chlorides with the whole of the elements. It has a 
remarkable affinity for hydrogen ; on exposing a mixture of 
those gases to diffused daylight, they slowly combine : bright 
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sunlight effects their immediate union with explosion. In- 
tense artificial light, such as that of burning magnesium, 
produces the same effect. Carbon does not bum in chlorine^ 
and if bodies containing it are burned, the carbon is depo- 
sited in the free state. One important peculiarity of the 
combustion of bodies in chlorine is that they often sponta- 
neously ignite. As a rule, although a lower temperature is 
sufficient for the commencement of the formation of chlorides, 
the heat evolved during the union is less than that evolved 
in the production of the corresponding oxides. 

The chemical actions occurring in the previous experi 
ments are represented in the following equations :— 
F t + lOClj = 4PC1 S 

Phosphorus. Chlorine. Phosphorus penUchloride. 

2Sb + 5C1, = 2SbCl s 



Antimony. 




Chlorine. 


Antimony penuchloHd 


2Na 


+ 


CI. 


= 2NaCl 


Sodium. 




Chlorine. 


Sodium chloride. 


H, 


+ 


a, 


= 2HC1 


Hydrogen. 




Chlorine. 


Hydrochloric acid. 


C„H„ 


+ 


8C1 3 


= 16HC1 


Turpentine. 




Chlorine. 


Hydrochloric acid. 



10c 

Carbon. 

Water must be added to the list of hydrogen compounds 
capable of decomposition by chlorine. If a solution of 
chlorine in water is exposed to the sun's rays, bubbles are 
seen to rise to the surface, which, on examination, are found 
to be oxygen. At the same time the solution loses its yellow 
colour. The experiment is best performed by inverting a 
gas jar filled with the solution in a small trough also con- 
taining saturated chlorine water. At a higher temperature 
the decomposition takes place more rapidly. 

Experiment 70. — Connect a flask, A, Fig. 22, fitted for the 
preparation of chlorine, to the second flask, b, which contains 
water ; the leading tube from a dipping beneath the water level. 
Through the charcoal furnace, D, or one of Fletcher's gas-tube 
furnaces, pass a porcelain tube, c, filled with fragments of porce- 
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Iain or flint, and fitted at each end with corks and glass tubes. 
The danger of cracking the porcelain tube is lessened by plac- 
ing it in a semicircular iron trough, E, just large enough for the 



tube to lie in. This is conveniently made from a piece of sheet 
iron, which can readily be turned up into a semicircle one inch 
internal diameter by any smith. F is a wash-bottle, containing 
a solution of caustic potash, for the purpose of removing the 
hydrochloric acid and any excess of chlorine ; the oxygen 
passes over, and is collected in the trough G. B and F are 
connected to the porcelain tube by india-rubber tubing. The 
furnace must first be lighted and the tube raised to redness ; 
then light the Bunsens under both the chlorine and water flasks : 
a mixture of chlorine and steam enters the furnace, decomposi- 
tion ensues, and oxygen and hydrochloric acid escape. 

The reaction is thus represented : — 

2Cl a + 2H s O m 4HC1 + 0, 

Chlorine. Water. Hydrochloric acid. Oxygen. 

This experiment is an important one as showing the 

presence of oxygen in water; unlike hydrogen, by no known 
means can the oxygen of water be displaced in two instal- 
ments. 

Chlorine is one of the moat powerful bleaching or de- 
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colorising agents known ; there are few vegetable colouring 
matters which are unattacked by it : ink, litmus, &c, are 
rapidly changed into colourless bodies. Mineral ink or 
printer's ink is not changed. Chlorine has no bleaching 
action in the absence of water; in its presence that com- 
pound is decomposed with the formation of hydrochloric 
acid The nascent oxygen combines with the colouring 
matter and produces a compound containing a higher pro : 
portion of oxygen, and devoid of colour. Free oxygen has 
little, if any, bleaching power. 

Chlorine decomposes silver nitrate with the formation of 
insoluble silver chloride, and hence causes a. precipitate in 
a solution of a silver salt 

The action of chlorine on bromides and iodides is an- 
other instance of the great activity of this element. The 
following equations represent the chemical changes which 
occur : — 

Cl a + 2KBr = Br, + 2KC1 



These reactions will be examined more fully when the 
elements bromine and iodine are under consideration. 

Summary. 

Chlorine is a heavy gas ; does not occur in nature in the 
free state, but largely in combination with sodium. May be 
obtained from either hydrochloric acid or sodium chloride, or 
by electrolysis of hydrochloric acid Possesses a yellow-green 
colour ; odour somewhat like sea-weed, and acrid taste ; non- 
inflammable i supports combustion ; soluble in water ; js a 
powerful bleaching agent ; decomposes water with evolution of 
free oxygen. 

Laboratory Hints, 

Chlorine rapidly attacks corks j they may be protected by 
dipping them into melted paraffin ; not paraffin oil, but the 



90 Text-Book of Inorganic Chemistry. 

solid substance melted in a small dish or pipkin. The reason 
for first adding hydrochloric acid, subsequently the manganese 
dioxide, and shaking up so thoroughly, is that otherwise the 
oxide is liable to form a cake at the bottom ; this gets hot, and 
the liquid, finding its way through it after a time, cracks the 

The fumes produced by burning both phosphorus and 
antimony in chlorine are poisonous, and should not be breathed. 

The reason why such care must be taken to have dry jars 
for sodium experiments is that hot sodium accidentally coming 
in contact with water explodes violently. See also that there is 
no water spilled about the working bench. For the hydrogen 
experiment a second generating apparatus is required ; a second 
thistle funnel is a useful addition to the apparatus list given on 
page 1 1, Failing this, all other experiments with chlorine may 
be first tried, and then the apparatus cleaned and used for 
hydrogen. In the last experiment there is considerable danger 
of breaking the porcelain tube ; it is a good plan to incline it 
a little, so that the steam in passing through it has to rise ; 
this prevents any condensed steam running on to the red-hot 
porcelain. When the experiment is finished, disconnect the 
other apparatus, and allow the tube to cool slowly in the 
furnace. 

Wash all apparatus used for chlorine immediately it is 
finished with ; this applies especially to corks and india-rubber 
tubing : the latter should have a stream of water sent through it 



CHAPTER IX. 

HYDROCHLORIC ACID. 



Formula, HCT. Molecular weight, 36-37. 
Density, 1818. Specific gravity, 1 2474. 

68. — This gas, called also muriatic acid, is the only 
known compound of hydrogen and chlorine. Its formation, 
by the union of these elements has been already described. 
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69. Preparation. — The gas is easily obtained by the 
action of sulphuric acid on almost any chloride ; because 
of its cheapness, common salt is usually employed. ■ Salt in 
its ordinary form is so finely divided that the action 
proceeds with almost unmanageable rapidity. This may 
be modified by first fusing the salt and then breaking the 
solid mass thus obtained into small lumps. The gas is 
extremely soluble in water, and therefore has to be collected 
by downward displacement. 

The reaction is represented by the following equation: — 
H,S0 4 + NaCl = NaHSO, + HC1 

Sulphuric Acid. Sodium Hydroeen Hydrochloric 

chloride. sodium nUphUe. acid. 

One atom of the hydrogen of the sulphuric acid is here 
driven out by the sodium. At a much higher temperature 
than could be used with a glass flask, the second atom of 
hydrogen is displaced ; — 

NaHS0 4 + NaCl = Na s S0 4 + HC1 

Hydrogen sodium Sodium Sodium Hydrochloric 

5u] phase, chloride. sulphate. acid. 

Experiment 71, — Fill a clay crucible about five inches in 
height with common salt ; melt over a bright red fire or in a 
furnace, and pour the molten mass on to a cold iron plate. 
When cold break up and store in a bottle, which must be kept 
corked. Place about half an ounce of the fused salt in the 
generating flask with funnel and leading tube arranged for 
downward displacement; see that the india-rubber and- other 
tubes are dry. Fix in the retort stand and pour in sufficient 
concentrated sulphuric acid to cover the salt : the gas is 
evolved rapidly even in the cold. Thoroughly dry four gas 
jars and fill them ; should the evolution of gas slacken, apply 
heat Copious fumes emerge from the mouths of the jars as 
soon as fulL Next place the delivery tube in a beaker, into 
which exactly 100 cc. of water have been poured ; notice that 
the gas is absorbed as rapidly as formed, and that the water 
rises in temperature. After some minutes pour the solution 
back into a measuring tube. The volume will have increased. 
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70. Properties.— Experiment 72.— Take the plate off 
one jar of -gas ; observe that although the gas itself is clear the 
fumes seen so frequently before again make their appearance 
when the gas comes in contact with the air. Introduce a lighted 
taper : the taper is extinguished, and the gas itself does not 
light. 

Experiment 73. — Place the mouth of the second jar under 
water and slide off the glass plate ; the water rapidly fills the 
jar. 

Experiment 74. — To the third jar add some litmus solution 
and shake up ; the colour is seen immediately to change to red. 

Experiment 75. — Into another jar of gas hold a piece of 
paper which has been dipped in a concentrated solution of 
ammonia ; observe the production of dense white fumes of 
ammonium chloride. 

Experiment 76.— Examine now the solution made by passing 
the gas into water ; it possesses the odour of the gas, evolves 
pungent fumes, and, like it, immediately reddens litmus. 

Add some of the aqueous solution of the gas to litmus solu- 
tion ; notice that the colour changes to red, but that no bleaching 

Add a portion of the solution of the gas to silver nitrate 
solution ; a white curdy precipitate of silver chloride is formed. 

Add some of the hydrochloric acid solution to a mixture of 
potassium iodide and starch solutions ; no coloration is pro- 
duced, showing that hydrochloric acid does not liberate iodine 
from its compounds. 

In common with water, hydrochloric acid gas is de- 
composed by iron at a red heat, with the evolution of 

hydrogen. 

Experiment 77. — Fit up the apparatus, consisting of iron- 
tube containing filings as shown in Fig. 1 1, citcept that a hydro- 
chloric acid generating apparatus is substituted for the steam- 
flask. Pass the gas over the iron turnings and collect and test 
the hydrogea 

The following equation represents the change which 
occurs : — 

>, Google 



Properties of Hydrochloric Acid. 93 

2HC1 + t'e = FeCla + H a 

Hydrochloric acid. Iron. Iron chloride. Hydrogen. 

The same reaction takes place when iron is added to a 
concentrated solution of hydrochloric acid gas in water. 
Zinc and other easily oxidised metals displace the hydrogen 
in a similar manner. 

Hydrochloric acid is colourless, but is rendered visible 
on coming in contact with air containing moisture by the 
formation of a compound „ 

with water which con- 
denses to liquid globules ; 
hence the dense fumes so 
often noticed. It has a 
sharp, pungent odour ; its 
solution in water is in- 
tensely sour, and reddens 
litmus solution ; it is a 
very powerful acid, and 
forms an important series 
of salts known as chlo- 
rides. Water at 15 C. 
dissolves 454 volumes of 
hydrochloric acid 

Hydrochloric acid in 
the gaseous form is distin- 
guished by the dense 
fumes it forms with am- 
monia. In solution it 
produces a characteristic 
precipitate of silver chlo- ,^~C^% 
ride from the nitrate. It «_j— ^ *-*^ 
snares this property with 

the soluble chlorides, and also aj shown by experiment 
with a solution of chlorine. It is distinguished from this 
gas by its having no bleaching power and being without 
action on a solution of potassium iodide and starch. x 
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71. Composition. — The composition of the gas may 

be ascertained by exposing its solution to electrolysis, when 
it is resolved into equal volumes of hydrogen and chlorine. 

The best apparatus to use for this experiment is 
Hofmann's, which, as shown in Fig. 23, consists of three 
tubes, connected at the bottom ; through a and b are 
passed india-rubber corks with carbon electrodes (platinum 
cannot be used, as that metal is attacked by nascent 
chlorine). 

Experiment 78. — Fill the apparatus with concentrated 
hydrochloric acid just to the level of the stop-cocks, leaving 
them open ; connect with a battery of three or four cells, and 
allow the current to pass for an hour ; the hydrogen rises 
rapidly from the negative electrode, but from chlorine being 
soluble in water, little gas is evolved until the solution is satu- 
rated. At the end of this time, turn off the stop-cocks ; equal 
volumes of gas should collect in each tube. Should the chlorine 
be in too small a quantity, it is a sign that the acid in that limb 
is not yet saturated. The chlorine may be recognised by its 
colour ; open the stop-cock and let the gas impinge on a piece 
of wet litmus paper ; ,the colour of the litmus is discharged. 
Connect a small glass jet to the limb containing hydrogen by 
india-rubber tubing ; open the stop-cock and apply a light to 
the issuing gas, which is recognised by its inflammability. 

Chlorine, like oxygen, is liberated from the electrode 
connected with the copper or platinum element of the 
battery. The following eight elements are alike in this 
respect, and from their behaviour with an electric current 
are called negative : — oxygen, chlorine, bromine, iodine, 
fluorine, sulphur, selenium, and tellurium. 

In the event of the apparatus for performing the last 
experiment not being obtainable, the presence of both 
chlorine and hydrogen in hydrochloric acid may be detected 
in the following manner : — 

■ Experiment 79.— Fit to the generating flask, containing salt 
and sulphuric acid, the apparatus used for drying hydrogen in 
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Experiment 43 ; connect this to a tube in which two bulbs have 
been blown : in the first of these place some powdered manga- 
nese dioxide, which has been thoroughly dried by wanning 
in an iron ladle over the Bunsen flame. Arrange a bottle 
to receive the escaping gas ; place in it a sheet of moist blue 
litmus paper. The hydrochloric acid evolved at once changes 
the colour. Apply heat to the bulb containing manganese 
dioxide ; the hydrochloric acid is decomposed j water collects 
in the second bulb ; chlorine passes over into the jar, and is 
recognised by its odour and bleaching power. Fig. 24 shows 




the apparatus which may be used for this experiment, a retort 
being employed instead of the generating flask : a is the 
retort ; b the drying tube connected to the bulb-tube at c ; d is 
the bulb containing manganese dioxide ; water collects in t ; 
and chlorine passes over into/ 

The composition of hydrochloric acid by synthesis is 
shown by the explosion of hydrogen and chlorine in equal 
volumes in a specially constructed tube. The gases for the 
purpose are conveniently prepared by electrolysis ; or work- 
ing by gas or diffused daylight, they may be mixed in a 
bottle over saturated chlorine water in a small trough or 
beaker and then transferred to the explosion tube : this 
simply consists of a glass tube about twenty inches in 
length, with a stop-cock at each end, and two platinum 
electrodes fused through the middle. 
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Experiment 8a— Procure a small gas jar a, Fig. 25, open at 
top and bottom ; one holding 20 or 32 ounces is a convenient 
size. Close the upper opening with a cork which has been 
dipped in melted paraffin. Bore a hole and pass through it a 
glass tube with stop-cock. Failing this, a plain glass tube with 
a piece of india-rubber tubing and a pinch-cock may be used. 
Turn the jar a bottom upwards and exactly upright, and proceed 
to graduate it by pouring in successive quantities of 25 or 50 



cubic centimetres of water, making a mark at the level of each 
on the outside of the jar either with a sharp file or a writing 
diamond. These marks should be numbered I, 2, 3, &o, from 
the top of the jar downward. Having prepared the jar, stand 
it in a small trough or large glass beaker, filled with saturated 
chlorine water ; pass the india-rubber tubing over b, allow the 
air to escape from the jars, and close the screw tap ; next intro- 
duce through b 200 cubic centimetres of hydrogen, and (hen, tb.f 

!,::■".. C.OO<>lC 
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same quantity of chlorine, and agitate the jar, so as to mix the 
gases. Connect the glass tube b with the small U tube c, filled 
with calcium chloride, and attach the explosion tube d to the 
second end of the U tube. Open the whole of the stop-cocks 
sufficiently for the weight of the jar a to force the mixed gases 
slowly up into and through d. When nearly the whole of the 
gas has been allowed to escape, close the stop-cocks ; i/is now 
rilled with a mixture of equal volumes of dry hydrogen and 
chlorine, which has expelled the air. Attach the wires e e from 
the induction coil to the electrodes, and pass an electric spark : 
combination takes place between the gases. When they have 
cooled down to the original temperature, place one end of 
the explosion tube under the surface of mercury and open the 
stop-cock ; the mercury does not rise, showing that there is no 
alteration in the volume of the gas. Remove and open the 
stop-cock with the end immersed in water ; the water rushes up 
and tills the whole of the tube. 

These experiments show that hydrochloric acid is a gas 
produced by the union of equal volumes of hydrogen and 
chlorine without condensation. The composition by weight 
may be demonstrated by means similar in principle to those 
adopted in the case of water. 

Summary. 
Hydrochloric acid is the only compound known of hydrogen 
and chlorine ; may be easily prepared by the action oi sulphuric 
acid on a chloride. The gas is very soluble in water; is colour- 
less, but fumes on exposure to air ; has a sharp, pungent odour 
and sour taste ; is non-inflammable and a non-supporter of 
combustion ; reddens litmus. Is composed of equal volumes of 
hydrogen and chlorine united without condensation ; this is 
proved both by analysis and synthesis. 

Laboratory Hints. 
Fused salt is as a rule kept in a laboratory ; it is a con- 
venient plan to get a working jeweller to melt down a good 
stock in one of the large crucibles used in the trade : the cost 
for melting would not be excessive. 
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It is not absolutely necessary in Experiment 79 that the 
tube containing manganese dioxide should Jiave bulbs blown on 
it ; bending it in the form of a W answers the purpose. 

The graduated jar and explosion tube for Experiment 80 
will, in most cases, be found among the general apparatus of the 
laboratory. Instead of using the graduated jar, and thus mixing 
the gases, they may be prepared electrolytically with the same 
apparatus used for obtaining the mixed gases from water ; the 
bottle should, however, be a small one and the electrodes must 
be of carbon. The electric current must be passed for a suffi- 
cient time to saturate the acid with chlorine. Instead of gra- 
duating the jar in cubic centimetres, fluid ounces may be used 
as the unit ; then 4 ounces in volume of each gas should be 
employed. 

As it is possible that the explosion which takes place when 
the spark is passed through the tube containing the mixture of 
gases might shatter the tube, the precaution of placing it in a 
stink closet and shutting the door is advisable. The eudio- 
meter in which oxygen and hydrogen were exploded over 
mercury cannot be employed, because mercury is rapidly 
attacked by chlorine. It is essential that the tube should he 
dry before being filled with the gases ; to ensure this it should 
first be warmed in the hot-water oven and the water vapour 



CHAPTER X. 

LAWS OF CHEMICAL COMBINATION BY WEIGHT AND VOLUME. 

72. Combination in Definite Proportion.— The 

student is now in a position to appreciate the reasoning 
on which the atomic theory is based. The experimental 
work of the last few chapters will have furnished him with 
some, specimens of the observations which are explained by 
tbjp tjigory ; he will do well, with this more intimate know- 
ledge of experimental data, to go back to Chapter IV., 
and once more carefully read it through. It is there stated 
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that each element has a certain number given it, which 
represents the weight of that element which enters into a 
chemical compound, and that, of all the elements, hydrogen 
is represented by the smallest number. Proof of this law of 
definite proportion by weight is afforded in the experimental 
determination of the composition by weight of water. Proper 
precautions being taken, it is invariably found that in 9 parts 
of water there are 1 of hydrogen and 8 of oxygen by weight. 
Judging from this fact alone we might ascribe to oxygen 8 
as its combining proportion. ' This would give as the formula 
of water HO ; but from the experiments in which hydrogen 
is displaced from water in two distinct instalments, it is evi- 
dent that there must be two combining proportions of that 
element present Therefore, for this and other reasons, water 
is considered to consist of two combining proportions of hy- 
drogen to one of oxygen ; consequently 2 parts of hydrogen 
by weight are looked on as combining with 16 by weight of 
oxygen j and, as no less proportion of that element is ever 
displaced from a chemical compound, 16 is taken as the 
combining weight of oxygen. 

73. Chemical Equivalent— The weight of an ele- 
ment which combines with, or by displacement expels from 
a compound, 1 part by weight of hydrogen is termed 
its chemical equivalent. The number is in many cases the 
same as the atomic weight ; it must however be remem- 
bered that 'chemical equivalent ' and 'atomic weight* are 
terms which have distinct and separate meanings. 

74. Combination in Multiple Proportions.— In 
addition to water another compound of hydrogen and 
oxygen has been described, in which 2 by weight of hydrogen 
are in union with 32 of oxygen. This compound has accord- 
ingly received the formula H a O a . Not only, then, does 
chemical combination invariably occur in definite 
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proportions, but also, when two elements happen to 
combine in more than one proportion, they unite in 
multiple proportions. In the second compound of 
hydrogen and oxygen there is exactly twice as much oxygen 
as in the first. Although the number of chemical compounds 
is so vast, no deviation from this law has been observed. 

The reason, according to the atomic theory, why com- 
bination occurs in multiple proportions is that when two 
elements combine one atom of the first may combine with 
one, two, or three atoms of the second, but combination with 
thc/raction of an atom is necessarily a contradiction. Though 
the theory is not one which admits of absolute proof, yet it 
so amply and consistently explains all the phenomena of 
chemistry that its essential principles are universally recog- 
nised. 

75. Chemical Calculations. — It is of the highest im- 
portance to the student that he should be able to make the 
various calculations necessary in analytic and other chemical 
work. It is now seen that the law of definite proportions 
underlies the whole basis of chemistry ; an explanation of 
the methods of chemical calculation naturally follows. 

76. Proportion by Weight of Elements in a 
Compound. — The formula of a compound gives the 
number of atoms of each constituent ; those atoms each 
being of a definite weight, we are enabled to state the pro- 
portion by weight of each element in a compound Thus 
the formula of potassium chlorate is KC10 S ; assigning to 
each of these their atomic weight, we have— 

K CI O a 

39+35'5+(«6x3=)48= 1225 
that is, the molecule weighs 122-5, this being the sum of 
the weight of the constituent atoms. As any weight taken 
of this salt must consist of a whole, though indefinite 
number of molecules, the proportion by weight of each ele- 
ment present is the same as that in the individual molecule. 
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This fact will be grasped more clearly when it is re- 
membered that these very combining weights are numbers 
deduced from experiments made on the substances taken in 
quantity. 

77. Percentage Composition from Formula.— 
From the molecular weight of a compound its percentage 
composition, or weight of each constituent in 100 parts, is 
easily found by a calculation in proportion. Thus, in the 
case of potassium chlorate, i22'5 contain 48 of oxygen; 
what quantity will 100 contain? 

As 122-5 : 100:: 48 : 39-18 per cent, of oxygen. 
„ 122-5 : ioo::35*5 : 28-97 » ?> chlorine. 
„ 122-5 : 100:139 ■ 3* '83 „ „ potassium. 
99-98 

Precisely the same method applies to any and every 
other compound. 

78. Formula from Percentage Composition.— 
An important, but somewhat more difficult, type of calcu- 
lation is that in which the percentage composition of a com- 
pound is obtained by analysis, and its formula is required. 
The results of analysis are almost always expressed as so 
much per cent. ; suppose that the figures given above 
represent results obtained in the case of potassium chlorate, 
and that the formula is required. 

As a first step toward obtaining the formula, we divide 
the number representing the percentage of each element by 
its atomic weight ; the result is a series of numbers in the 
ratio or proportion of the number of atoms of each element. 

4g? =2-448 of O. 

2^22 „ -SifiofCl. 
35'S 

21^3 = -816 of K. 
39 
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In this way we find that 39-18 by weight of oxygen in 
100 parts is equivalent to 2 "448 atoms of oxygen ; and that 
of chlorine and potassium there are 816 of an atom of each. 
But atoms are indivisible, and therefore, as explained, these 
numbers can only represent the ratio or proportion of the 
number of atoms to each other. The next step in the calcu- 
lation is to find the smallest series of whole numbers which 
have the same ratio : dividing each of the numbers above by 
the lowest we have :— 

4^= 3 ofo. «.,*a g-.« 

The formula is therefore considered to be KC10 3 . In 
assigning a formula to a compound, however, other consi- 
derations must not be overlooked ; because the percentage 
composition will be the same whether we look on KC10 3 
or KjClgOg as the formula. The above reasoning is con- 
veniently summed up in the following rule for determining 
the formula from the percentage composition. 

Rule. — Divide the percentage of each element by its 
atomic weight ; divide each of the numbers thus obtained by 
the lowest one of the series ; the quotients are generally 
whole numbers, or practically so. These represent the number 
of atoms of each element present in the molecule. In some 
cases the result of such division is that one quotient con- 
tains -5, (".ft one atom of one element to a proportion of 1*5 
or 2 - s, &c. of another ; the number of atoms in the molecule 
is then obtained by doubling every number, making 2 of 
one to 3 or s of the other. 

The student is not expected at this stage to determine 
whether the formula is really KC10 3 or KjCljOg. By the 
above method the simplest formula of any compound is 
obtained; other considerations, of which a knowledge of 
the vapour density is the most important, must determine 
whether the formula is or is not a multiple of this. As a 
matter of fact potassium chlorate, which has been taken as a 
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convenient instance, is represented by KC10 3 ; its vapour 
density cannot, however, be taken, as at a comparatively low 
temperature it is decomposed. 

When chemical compounds are expressed by means of 
formula^ the law of combination in multiple proportion is so 
evident that it seems impossible that it could have remained 
for any length of time undiscovered. But the following 
example will show that, until the use of formulae, this law 
was not so clearly written, as it were, on the face of every 
series of compounds as it now is. There are two compounds 
of carbon and oxygen whose percentage compositions are 
respectively the following: — 

Ho. 1. No. 2 

Carbon 42-857 z7'z73 

Oxygen 57-143 72727 



On the surface there is here no evidence of combination 
in multiple proportion; 42 is no simple multiple of 27, 
neither is 72 of 57. But let us in each case see what weight 
of oxygen is combined with 1 part by weight of carbon : this 
is determined by dividing the weight of oxygen by that of 
carbon in each compound : — 

No. 1. ^^ = l '33 °f O to 1 of C. 

266 of O to 1 ofC 

When stated in this manner it is at once seen that to the 
unit of carbon there is twice as much oxygen in the latter 
compound as in the former. As an exercise the student may 
determine the formulae of these two compounds, when he 
will appreciate the greater simplicity and clearness resulting 
from the use of formula; as a method of expressing chemical 
composition. 
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79. Calculation of Quantities.— The formula repre- 
senting the weight of each element present in a compound, 
it is but going a step further in the same line of reasoning to 
say that an equation must represent the weight of each sub- 
stance involved, and of each body produced, in a chemical 
change. 

KC10 3 = KC1 + 3O 
39 + 35'5 + 48 39+35"5 4» 

122-5 74-5 

122*5 of potassium chlorate yield on decomposition 74-5 
of potassium chloride and 48 of oxygen. It is most im- 
portant that the student should remember that in every 
case the equations and atomic weights supply the data by 
which weights of bodies produced from certain weights of 
the substances which yield them may be calculated. On 
the other hand, given the quantity of a compound required, 
the weight of each body necessary for its production may 
be determined. Let this fact be once grasped, no difficulty 
should be found in making any of these calculations, the 
principles being always the same. It is scarcely necessary 
to remark that unless the student knows the equation repre- 
senting the chemical change, and the atomic weights, he will 
be at fault 

The one example given below should make the whole 
subject clear to those who understand the principles in- 
volved. 

From 3 grams of potassium chlorate what weight of 
oxygen may be obtained, and what weight of potassium 
chlorate will remain? 

The equation shows that 122-5 of potassium chlorate 
yield 74-5 of potassium chloride, then:— 

As 122-5 : 74*5:: 3 : 1 '824 gram of KC1 remaining. 

As 3 : 1 824 : : 100 : 6o-8 = percentage of KC1. 

3 — 1 "824= 1-176 gram of oxygen yielded. 

As 3 : i-i76::ioo : 39-2 = percentage of oxygea 
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The fact that the quantities calculated from this equation 
actually represent those obtained is proved by the following 
experiment ; — 

Expsfiment Si. — Take a test-tube made of combustion 
tubing six inches long and half an inch internal diameter; fit 
to it a cork and leading tube about two inches long. Cut a 
piece about two inches in length from a glass tube about half 
an inch diameter; fit a cork to each end; insert the leading 
tube from the test-tube into one cork ; push in through the 
other end a loosely fitting plug of cotton-wool, and through the 
cork pass a small piece of glass tubing. See that the joints are 
perfectly air-tight by sucking at the end leading tube and 
closing the tube with the tongue; the comparative vacuum thus 
produced should not sensibly diminish during a few seconds. 
Dry the whole apparatus thoroughly by wiping with a dry and 
clean duster; next weigh it. Before beginning to fit these parts 
together, a small quantity of potassium chlorate should be 
powdered and placed in the hot-water oven to dry. Having 
noted the weight of the apparatus, take the test-tube and scoop 
into it three grams or thereabout of the dry potassium chlorate ; 
give the tube a tap, so as to get all the salt at the bottom ; wipe 
out any particles adhering to the side of the tube with a small 
brush or the corner of the duster; again weigh and note the 
weight. Connect the leading tube by india-rubber tubing to a 
glass tube placed in the pneumatic trough. Fix the test-tube in 
the retort stand, so that it is at an angle of 45 . Procure a tall 
graduated litre jar (a test-mixer), fill with water, and invert in 
the pneumatic trough to receive the gas. Fig. 26 shows the 
whole apparatus arranged for the evolution of oxygen. Warm 
the tube very gradually with the Bunsen ; the salt melts and 
readily gives off oxygen. After a time, however, it becomes 
somewhat pasty, and the gas comes off less readily. At this 
point place the flame a little above the salt and heat carefully, 
working down toward the bottom. Toward the end heat the 
tube as strongly as possible with the Bunsen ; turn it round, so 
that the whole of the salt is acted on ; when no more gas is 
evolved disconnect the india-rubber and allow the apparatus to 
cool. The principal chances of failure are that the heat may so 
soften the glass that the gas may blow a hole through, and that 
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at the moment when the pastiness is produced the salt may 
bubble up into the higher part of the tube, and into the leading 
tube. This may be prevented by careful watching, using a tube 
of not less diameter than that given, and getting the tube hot 



just above the salt ; any which bubbles up is thus liquefied at 
the high temperature, and again runs back to the bottom. The 
little tube containing cotton-wool is fixed to retain any potassium 
chloride carried over mechanically with the gas. Remember 
that the plug must not be too tight, and that it must be at the 
end furthest from the generating tube. 

When cold weigh the tube and potassium chloride, and find 
what weight remains. Observe the volume of oxygen in the 
measuring jar, when it is depressed until the level of the water 
inside corresponds with that in the trough. With a thermo- 
meter take the temperature of the water, and calculate what 
volume the oxygen would be at o° C. Then find by calculation 
its weight. One litre of oxygen at N.T.P. weighs I '4336 gram. 

The following are results obtained in this experiment by 
a student working in the author's laboratory : — 

Weight of apparatus and KC10 3 . 43"68 grams 
Weight of apparatus .... 40*68 „ 
Weight of KC10 3 ... 300 „ 
' : :,,Goo-;k' 
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Weight of apparatus and KC1 = 42'62 grams 

Weight of apparatus .... 40-68 „ 
Weight of KC1 . T^ „ 

As 3-00 : 1 -94 ;: 100 : 637 per cent of KC1. 

Volume of oxygen collected at 20 C. = 900 c.c. Re- 
duced to standard temperature, correction for pressure being 
neglected — 

22^*225=. 838 cc a* o»C 

293 

1000 cc of oxygen weigh 1*4336 grain. 

As rooo : 838 :: 1*4336 : 1*2013 gram of oxygen. 

As 3'oo : 1 '20 : : 100 : 4C0 per cent, of oxygen. 

Found Theoretical 

Potassium) - „ , „ 

chloride) I '94 = 637 percent. 1-824 = 60-8 per cent. 

Oxygen f2o=4o"o „ „ 1-1761= 39-2 „ „ 

The potassium chloride is probably over-estimated 
through some of the chlorate remaining unreduced to chlo- 
ride. The oxygen is so through the air in the test-tube 
expanding and being-thus driven over. With care, however, 
results may be obtained which prove the general truth of the 
fact that the equation represents the weights of the various 
participating bodies; the error of experiment, even with a 
young student, should come within 4 or at most 5 per cent. 

As further proof that the potassium chlorate is changed 
into another chemical compound by the action of heat, make 
the following experiment : — 

Experiment 82.— In a clean test-tube dissolve the residuum 
of potassium chloride from the last experiment in a little dis- 
tilled water. Add a few drops of a solution of silver nitrate, a 
curdy white precipitate is formed. In another clean test-tube 
dissolve a crystal of potassium chlorate, and again add silver 
nitrate solution ; there is no precipitate. These tests show that 
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by the action of heat a substance is produced from potassium 
chlorate which was not originally present. 

80. Elementary Molecules and Nascent Condi- 
tion. — The student already knows that the term atom is 
applied to the smallest particle of an element entering into 
or leaving a chemical compound ; thus, when hydrochloric 
acid is decomposed, we say that an atom of each element is 
liberated. He is also aware that the atoms of elements, 
when in the free state, are not supposed to remain single, 
but in most cases unite together to form molecules of the 
element ; thus two atoms of hydrogen unite to form a mole- 
cule of hydrogen. This union is attended with loss of the 
chemical activity of the element. It has been explained 
that nascent oxygen, liberated by chlorine, is a powerful 
bleaching agent, while free oxygen is not so. Also nascent 
hydrogen acts more powerfully as a reducing agent than does 
the same element when in its normal free state. The theory 
on which this is accounted for is as follows : at the moment 
of liberation the oxygen exists as atoms, and these attack the 
colouring matter; failing anything else with which to unite, 
they unite with each other and form molecules. The ac- 
tivity of the oxygen molecule is less than the sum of that 
of the two atoms by the amount of energy with which they 
are held together. One striking experiment may be men- 
tioned in which the affinity of oxygen atoms for each other 
is greater than that for the bodies with which they are com- 
bined : — 

Experiment 83.— To a few drops of solution of nitrate of 
silver add, in a test-tube, an excess of sodium hydrate solution ; 
a brown precipitate of oxide of silver is formed, which rapidly 
falls to the bottom. Wash two or three times by decantation ; 
pour on it some hydroxyl and close the tube loosely with the 
thumb ; rapid effervescence ensues. When the action is over, 
test the gas in the tube for oxygen by a glowing splinter. 

The following equation shows the chemical change 
which has occurred : — 
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H,0 3 + Ag 2 = 2 + HjO + 2Ag 

Hydroxyl. Silver oiide. Osygen. Water. Silver. 

The affinity between the oxygen and silver is but small ; 
so also is that between the water and second atom of 
oxygen which has changed it into hydroxy 1. The attraction 
of the oxygen atoms for each other is sufficient to overcome 
these, and accordingly that element is liberated in the free 
state. Considerations of this kind have led the chemist to 
the conclusion that the atoms of elements combine together 
to form molecules. 

81. Avogadro's Law. — The fact that all gases, 
whether elementary or compound, expand and contract at 
the same rate when subjected to variations of temperature 
and pressure has an important bearing on their probable 
molecular constitution. Their similarity in this respect 
has led to the assumption, expressed in the ' Law of Avo- 
gadro ' — ' Under similar conditions of temperature 
and pressure equal volumes of all gases contain the 
same number of molecules.' From this it follows that 
at the same temperature, and under the same pressure, the 
volume of any gaseous molecule is the same, whatever may 
be the nature and composition of the gas. 

82. Constitution of Molecules. — The relative 
weights of equal volumes of hydrogen and hydrochloric acid 
are 1 and i8'i8. These, according to Avogadro, are the re- 
lative weights also of the molecules. By experiment we know 
hydrochloric acid contains half its volume of hydrogen ; it 
must therefore contain half as much of that element as an 
equal volume of free hydrogen. The molecule of hydrogen 
then contains double as niuch hydrogen as is contained by 
a molecule of hydrochloric acid, which occupies the same 
volume. As we assume that the hydrochloric acid molecule 
contains at least one atom of hydrogen, the molecule of 
hydrogen must necessarily be composed of at least two atoms. 
The fact that two atoms of hydrogen are present in water 
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was proved by its being removed in two successive portions; 
as the hydrogen of hydrochloric acid cannot be thus removed, 
this is strong evidence in favour of its containing only one 
atom; and as the quantity of hydrogen in the hydrogen 
molecule is double that in hydrochloric acid, it must be 
composed of two atoms, and no more than two. 1 As the 
molecule of hydrogen consists of two atoms, its weight must 
be taken as 2, and that of the molecule of hydrochloric add 
as 36-37. 

83. Combination by Volume. — The student has 
seen that two volumes of hydrogen combine with one of 
oxygen to form two volumes ofwater-gas. This is a necessary 
result of Avogadro's law, because the molecule of steam 
occupies the same space as a molecule of hydrogen : a still 
further condensation occurs in the production of more com- 
plex molecules. In the following equations the molecule is 
represented by two squares, indicating that the volume is 
double that of an atom : — 

ozi + ds = ns + ra 

BD + QD + BD =B°! + So] 

3D + CH + QD + SJ = S3 + S3 

The first two reactions are already familiar to the stu- 
dent ; the last represents the composition of ammonia gas ; 
three volumes of hydrogen and one of nitrogen produce 
only two volumes of gaseous ammonia (NH 3 ). The gaseous 
volume of elements in a compound is not only definite, but 
the volume of each element present is represented by a 
whole number. 

The comparative volumes of gases taking part in any 
chemical change may be always learnt from the molecular 

1 For further information on this point the student should consult 
Tilden's Introduction to Ckanical Philosophy, from which the substance tq 
this paragraph is taken. 
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equation by remembering that each molecule of a gas repre- 
sents a unit of volume of that body. The error must not be 
made of writing an equation partly molecular and partly 
atomic 

84. Density and Molecular Weight of Gases.— 

The density of a gas has already been denned as the weight 
of any volume compared with that of the same volume of 
hydrogen, measured at the same temperature and pressure 
and taken as unity. (These conditions are always under- 
stood in speaking of the comparative weights of gases.) 
As the molecule of hydrogen contains two atoms, its mole- 
cular weight, expressed in terms of its atomic weight, is con- 
sequently z. The molecular weight of any gas is the 
weight of that volume which occupies the same space 
as do two parts by weight of hydrogen. Conversely, 
as the molecular weight is the sum of the weights of the 
constituent atoms, the density of a gas may be determined 
from its formula. As the molecule of hydrogen weighs, z, 
the density of any gas, whether elementary or com- 
pound, is identical with the half of its molecular 
■weight. For example, the molecule of steam weighs 18, 
and occupies the same space as the molecule of hydrogen, 
which weighs 2 ; the quantity of steam occupying the same 
space as 1 volume of hydrogen must weigh — = 9. 

85. Absolute Weight of Hydrogen.— Hydrogen 

being taken as the unit of density, its absolute weight is of 
great importance. As a result of most careful weighing, it 
has been found that 1 litre of hydrogen at the normal 
temperature and pressure weighs 00898 gram, or 
112 litres weigh 1 gram. This figure 00896 gram is 
one which it is absolutely necessary that the student should 
remember : that the exact weight of 1 litre of hydrogen at 
0° C. and 760 m.m. pressure is o - o8q'6 gram, must therefore 
be thoroughly imprinted on the student's mind. Knowing 
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this, there is no difficulty in calculating the weight of any 
Other gas whose composition is known. Tlie weight In 
grams of a litre of any gas is its density x 0*0890. 
Further, the weight in grams of 112 litres of any 
gas is identical with the number representing its 
density. The density of oxygen being 16, the weight of 
i litre at N.T.P.=o i o896xi6=i"4336 gram.. The weight 
of a compound gas is found with equal readiness. The 
density of hydrochloric acid is i8-i8; therefore the weight 
of a litre = o , o896 X i8 , i8 = i - 6289 gram, or n - a litres 
weigh 1818 grams. 

This amount o'oSo^i is of such frequent occurrence in 
chemical calculations that it has been proposed to give it a 
distinct name ' Crith ' : the weight of a litre of any other gas 
is then expressed as so many criths. 



Summary. 
That elements combine in definite proportions is proved by 
experiments on the composition of water. When more than 
one compound of two elements is known the proportions pre- 
sent are multiples of the atomic weight Dalton explained 
this by assuming that combination occurs between atoms. The 
weight of each clement in a compound can be deduced from 
the formula and atomic weights of the elements present ; the 
percentage composition may be calculated from these. From 
the percentage composition of a compound its formula may be 
obtained by calculation. An equation gives the weight of each 
element and compound participating in a chemical reaction. 
From these may be reckoned the weight of any one body neces- 
sary for the production of a certain quantity of another ; as, for 
instance, the quantity of potassium chlorate necessary to pro- 
duce a certain weight of oxygen, or the weight of oxygen that 
may be obtained from a certain weight of potassium chlorate. 
That the equation gives these weights may be determined by 
experiment. Atoms of elements in the free state unite to form 
molecules. The molecules possess less energy than the atoms ; 
therefore a gas when nascent is more active. The affinity be- 
tween atoms of the same element is in some cases sufficiently 
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great to cause the decomposition of unstable compounds. 
Molecules all occupy the same volume ; the molecule of hydro- 
gen contains two atoms. Even molecules containing a large 
number of atoms occupy the same space as a molecule of hydro- 
gen; hence the union of hydrogen and oxygen to form water is 
accompanied by condensation. The density of all gases, both 
elementary and compound, is half the molecular weight. The 
weight of 1 litre of hydrogen at N.T.P. -00896 gram; this 
number * density - the weight of I litre of any other gas. 



CHAPTER XI. 

NOMENCLATURE, ACIDS, AND ALKALIES, ETC. 

86. Names of Metals. — Tbe names given to the 
elements are, as a rule, in no way connected with their pro- 
perties ; the only attempt at system is that the termination 
urn is reserved to the metals. Selenium and tellurium, how- 
ever, are exceptions, as, when discovered, they were supposed 
to be metallic elements. It has been proposed to change 
the names to selenion and tellurion ; this has not, however, 
met with general acceptance. 

87I. Binary Compounds. — Bodies which contain only 
two elements are called binary compounds. Their names are 
fixed by rule ; but in the case of tbe more well-known com- 
pounds, the old or ' trivial ' names are almost always used ; 
no one would think, for example, of calling water hydrogen 
monoxide. The name of a body should, as far as possible, 
indicate its composition ; this end is attained by making the 
name of a binary compound consist of derivatives of the 
names of the two elements. There are unfortunately several 
modifications of each name, different chemists using different 
methods of nomenclature ; the student must make himself 
familiar with the whole, as, in the course of reading, he is 
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sure to meet with the same body under names different from 
one another. Very little practice is, however, sufficient to 
overcome this difficulty, 

The most frequently occurring binary compounds are 
those composed of a metal and non-metal; the name of the 
metal is first written, and one or more syllables being 
removed the termination ide is added to the name of the 
non-metal. The compound of copper and oxygen is thus 
called copper oxide, that of copper and sulphur, copper sul- 
phide, and so on for other compounds. These names are 
sometimes written oxide of copper and sulphide of copper 
respectively. Another plan consists or changing the Latin 
name of the metal into an adjective by substituting ic for its 
last syllable ; the above names thus become cupric oxide and 
sulphide. 

We frequently find that more than one compound of 
the same elements is known ; it then becomes necessary to 
use names which shall discriminate the one from the other. 
Oxygen and copper combine in two different proportions, 
represented by the formulae CuO and Cu a O; the name 
oxide is common to both, but the second is called cuprous 
oxide. The termination ous is applied to the compound con- 
taining the lower proportion of oxygen or other non-metallic 
element. Where there are two or more atoms of the 
metalloid present in a compound, the distinction is marked by 
the use of a prefix to the second name, indicating the number. 
The two oxides of barium, BaO and BaO s , are thus known 
respectively as barium monoxide and dioxide. Occasionally 
the prefixes proto and per are attached to the second name; 
proto to the compound in which the lower proportion of 
the non-metallic element occurs, per to that containing the 
higher; barium monoxide and dioxide become barium prot- 
oxide and peroxide. There is one series of oxides in which 
there are two atoms of the metal to three of oxygen, as Fe 2 Oj; 
these are sometimes termed sesquioxides : the name is how- 
ever dying out Where there are several binary compounds 
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of the same elements, or where the molecule is a complex 
one, the number of atoms of each element is indicated by a 
prefix thus, triferric tetroxide, Fe 3 4 . In binary compounds 
among the non-metals the termination ide is usually given 
in preference to oxygen, chlorine, and sulphur ; thus we have 
carbon oxides and sulphides, phosphorus chlorides, and 
chlorine oxides. 

88. Ternary and Higher Compounds.— The most 
important compounds containing more than two elements 
are those produced by the union of water with oxides, form- 
ing acids and hydrates. 

In experimenting with oxygen the student will have 
observed that certain oxides dissolved in water turn litmus 
solution red, while others restore to the reddened solution 
its blue colour. This reaction serves to divide the various 
oxides into two important classes, to which attention must 
now be directed. 

89. Acids.— The name acid is a familiar one, because 
it is continually applied in everyday parlance to anything 
which is sour. A number of bodies possess this distinction 
in common ; to the chemist the sourness of an acid is but 
an accidental property, as, according to his definition of 
these bodies, substances are included as acids that are not 
sour to the taste. An acid, may be denned as a body 
containing hydrogen, which hydrogen may be re- 
placed by a metal (or group of elements equivalent 
to a metal) when presented to it in the form of an 
oxide or hydrate (hydroxide). As a class, the acids 
are sour ; they are also active chemical agents. Most acids 
are characterised by the property of changing the colour of 
a solution of litmus, a naturally blue body, to a red tint 
This, as the student has just been reminded, is one of the 
properties of the solution of certain oxides in water. In 
these instances chemical union occurs between the oxide and 
water, resulting in the production of an acid as a distinct 
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chemical compound; thus the addition of water to sulphur 
trioxide produces sulphuric acid: — 

S0 3 + H s O » H s SO< 

Sulphur trioxide. Water. Sulphuric acid. 

Oxygen is a constituent of most acids, the members of 
this group being distinguished as ' oxy -acids.* The oxides, 
which by union with water form acids, are termed anhydrides, 
or anhydrous acids. They are in most cases non-metallic 
oxides, but sometimes consist of metals combined with a 
comparatively large number of atoms of oxygen. There are 
a few acids in which oxygen is absent : these are termed 
' hydr-acids ' : hydrochloric acid, HC1, is an example of this 
class. According to the definition given (which is accepted 
by the great majority of chemists), hydrogen is an essential 
constituent of all acids. It should however be mentioned 
that some chemists apply the term acid to what are here 
termed anhydrides ; consequently CO a (carbon dioxide, or 
carbonic anhydride) is sometimes described as carbonic acid 
gas^ This name is now, however, being replaced by that 
more in accordance with the theories of modem chemical 
science. 

90. Bases and Alkalies.— The oxides which, when 
dissolved in water, restore the blue colour to reddened 
litmus are called alkalies: they form a subdivision of a 
larger class of oxides, the whole of which combine readily 
with acids, and are known as bases. 

A base is a compound, usually an oxide, or hy- 
drate, of a metal (or group of elements equivalent 
to a metal), which metal (or group of elements) is 
capable of replacing the hydrogen of an acid when 
the two are placed in contact. The greater number 
of metallic oxides are bases. Bases, as well as acids, diner 
considerably in their chemical activity. As already men- 
tioned, certain bases which dissolve in water are termed 
alkalies. 

Cookie 
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An alkali is a base of a specially active character, 
soluble- in water, to which it imparts a soapy taste 
and touch. Alkalies restore the blue colour to reddened 
litmus. The principal alkalies are sodium hydrate, NaHO, ■ 
and potassium hydrate, KHO. A solution of ammonia gas 
in water is also alkaline, and is often termed ammonium 
hydrate. 

Paper tinted yellow with turmeric is also used as a test 
for alkalies, which give the paper a reddish-brown hue. 

The hydrates are mostly compounds of metallic oxides 
with water ; they are sometimes termed hydroxides, or hy- 
drated oxides. Their formation is represented by the follow- 
ing equations : — 

Na a O + H,0 = 2NaHO 

CaO + H 2 = CaH s O a 

Calcium oxide. Calcium hydrate. 

91. Salts. — When an acid and base react on each 
other, the body produced by the replacement of the 
hydrogen of the acid by the metal of the base is 
termed a salt. Water is also formed during the reaction. 
The action of the stronger acids and bases on each other is 
very violent ; the resultant salts are usually without action 
on litmus. This is, however, not always the case; for when 
a strong acid combines with a weak base, the salt is acid to 
litmus : nitrate of mercury is an example. When the base 
is a strong one and the acid weak, as in sodium carbonate, 
the salt has an alkaline reaction. Litmus is itself a salt of a 
vegetable acid and base possessing a blue colour. An acid, 
when added, displaces the weak vegetable one, and forms a 
salt with the base ; the litmus acid, being red, gives the 
solution a red tint. On adding a base it combines with the 
acid ; the litmus acid and base being liberated again unite 
with the restoration of the blue colour. The following are 
instances of the formation of salts by the union of acids and 
bases; — 
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HC1 + NaHO = NaCl + H 2 

Hydrochloric acid. Sodium hydrate. Sodium chloride. Water. 

H 3 S0 4 + CaO m CaS0 4 + H 2 

Sulphuric acid. Calcium oxide Caldum sulphate. Water. 

HCl + NH.HO = NH,C1 + H.O 

Hydrochloric acid. Ammonium hydrate. Ammonium chloride. Water. 

The acids are sometimes termed salts of hydrogen ; thus 
sulphuric acid would be called hydrogen sulphate. 

Experiment 84. — Take a dilute solution of hydrochloric 
acid ; dip into it some paper coloured blue with litmus ; notice 
that the colour immediately changes to red. Dip this reddened 
paper in a solution of soda ; the blue colour is restored. Next 
add a few drops of litmus solution to the caustic soda in a large 
test-tube; add the acid very carefully until the blue colour 
changes to a port-wine tint ; should this be overshot the mix- 
ture becomes red; a very small quantity of soda must then be 
added : this will bring the colour back to the intermediate tint 
It maybe that a single drop of either reagent changes the colour 
from full blue to red, or vice versd; if so, dilute down some 
acid with four or five volumes of water, and add this drop by 
drop ; with care the port-wine tint may be thus hit. Now dip 
in some red and blue litmus paper : the colour of neither is 
changed ; neither free acid nor alkali is present ; the whole of 
each has united to form the salt, sodium chloride. Evaporate 
to dryness : cubical crystals form. 

Experiment 70, in which dry hydrochloric acid is passed 
over manganese dioxide, shows that water is formed as a 
secondary product by the mutual action of an acid and 
base. An interesting modification of the experiment may 
be tried by substituting lead oxide or litharge (PbO) for the 
manganese dioxide. On applying heat to the bulb the 
yellow litharge changes to white lead chloride, and abun- 
dance of water condenses in the second bulb according to 
the equation — 

2HC1 + PbO = PbCl a + H s O 

Hydrochloric acid. Lead oxide. Lead chloride. Water. 



>,GoogIe 



Names of Acids and Salts. 1 19 

02. Names of Acids and Salts. — The names of 
acids are derived from those of their principal constituents 
by changing them into adjectives ending in ic ; thus from 
sulphur we have sulphuric acid, and from nitrogen, nitric 
acid. The hydracids are distinguished by the prefix hydro, as 
hydrochloric acid. The names of the corresponding salts 
are derived from the same root by adding ate; the salts of 
sulphuric and nitric acids are respectively sulphates and 
nitrates. 

When an element forms two oxides, both of which unite 
with water to form acids, the acid containing the higher 
proportion of oxygen receives the name ending in tc ; for the 
other the termination ous is substituted. There are, for 
instance, two oxides of sulphur, SO a and S0 3 : these are 
termed — 

S0 8 Sulphurous anhydride. 
S0 3 Sulphuric anhydride, 

Both combine with water, becoming — 

SO a + H 2 = H 3 SO a 

Sulphurous anhydride. Water. Sulphurous acid. 

SO s + H a O = HjS0 4 

Sulphuric anhydride. Water. Sulphuric acid. 

The salts of an acid whose name ends in ous have the 
termination ite: — 

H a S0 8 + 2NaHO = NajS0 3 + 2H a O 

Sulphurous acid. Sodium sulphite. 

In describing the basic component of a salt, the simplest 
method is to mention the name as potassium sulphate. At 
times it is convenient to change this into the adjective form. 
When this is done, the same termination is used as is applied 
to the base itself; thus, salts formed by the action of 
mercuric oxide (HgO) on acids are called mercuric salts; 
those from mercurous oxide (Hg 3 0), mercurous salts: — 
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HgO + 2HC1 = HgClj + H s O 

Mercuric oxide. Hydrochloric add. Mercuric chloride. 

H gl + 2HC1 = Hg s Ci 3 + H a 

Mercurous oxide. Hydrochloric acid. MercurouB chloride. 

The salts of the hydracids, being binary compounds, have 
names ending in ide. 

Summary. 

Names of binary compounds end in ide; when the same 
elements form two, a separate name is given to each. 

The most important compounds containing more than two 
elements are the acids ; the names of these are derived from 
the principal element 



CHAPTER XII. 

ATOMICITY, OR QUANT1VALENCE, AND BASICITY. 

93. Atomicity. — The student already knows that the 
atom of chlorine combines with -only one atom of hydrogen, 
while oxygen combines with two. From the following table 
he ■will see that certain elements may be classed together as 
combining with only one atom of hydrogen; those of another 
group combine with two atoms, those of a third combine 
with three, and those of the last with as many as four atoms. 
The chlorides may be similarly arranged into groups contain- 
ing respectively one, two, three, and four atoms of chlorine, 
On comparing this classification of chlorine and oxygen com- 
pounds it is found that oxygen in these, and also in almost 
every other instance, combines with just double the number 
of the atoms of the other element as does chlorine. Oxygen, 
then, may be said to possess double the atom-combining 
power of chlorine. 
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HCl 
HBr 
HI 


H,0 
H,S 


H 3 N 
H a P 
H,As 


H.C 

H,Si 


C1H 

CINa 
C1K 


Cl.Ca 
Cl.Ba 
Cl,Cu 


C1 3 B 
Cl.Au 


C1 4 C 

CI, Si 
Cl.Pl 


OH, 
ONa 2 
OK, 


OCa 
OBa 
OCu 


0,B, 
O s Au 2 


o,c 

0,Si 
0,Pt 



The atom- combining power of elements varies. 
Atomicity, or Quantivalence, ia the measure of the 
number of atoms of other elements with which one 
atom of each element can combine. Among the 
elements hydrogen, sodium, and chlorine are characterised 
by the fact that one atom of each never combines with more 
than one atom of any other element. Their atomicity is 
unity, and as every other element forms a chemical com- 
pound with one or more of these, the atomicity of an 
element can usually be determined by observing with how 
many atoms of one of these three elements an atom of the 
element in question can enter into combination. (This, 
however, does not invariably give the atomicity, as some 
elements unite with a higher proportion of oxygen than of 
hydrogen.) Thus the atomicity of oxygen which combines 
with two atoms of hydrogen is two, generally written in 
Roman numerals, II. Gold unites with three atoms of 
chlorine, and accordingly has an atomicity of III. Carbon 
combines with four atoms of hydrogen; its atomicity is 
therefore IV. 

Elements, whose atomicity is one, are called monads; 
whose atomicity is two, dyads; three, triads; four, tetrads; 
five, pentads; and six, hexads. 

The atomicity (as far as it is known) of the elements is 
given in the table in Chapter III.; that of the most important 
ones should be committed to memory. 
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94. Graphic Formulae. — We are not acquainted with 
the reason why certain atoms possess a greater combining 
power than others, any more than we know the exact nature 
of the tie that holds elements together in a compound ; but 
in order to have some tangible idea of atomicity it has been 
proposed to imagine that the atoms of various elements 
have a certain number of bonds or links by means of which 
they can unite themselves to other atoms. Hydrogen is thus 
assumed to have but one of these bonds, and can attach 
itself at most to only one atom of any other element, while 
oxygen, having two bonds, is capable of combining with two 
of the single-bonded hydrogen atoms. This is graphically 
expressed by the use of lines to represent the bonds in the 
formula;; thus H — CI shows at a glance that the two ele- 
ments have each but one bond, and that these are united. 
Water is written on the same principles H— O — H. These 
are termed graphic formuUe. 

The formula of a body can in many instances be written 
from a knowledge of the atomicity of the constituent ele- 
ments. The atomicity of any element usually represents the 
number of atoms of a monad with which it combines; when 
two dyads unite there is one atom of each in the molecule, 
as Ca=0, calcium oxide. Two atoms of a triad combine 
with three of a dyad; thus, OOO, boric anhydride. 

vv 

One atom of a tetrad combines with two atoms of a dyad; 
as 0=C=0, carbon dioxide. As a rule the number of 
active bonds of each element in a binary compound is 
equal. 

95. Active and Latent Atomicity.— At times the 
same element forms two or more series of compounds in 
which its atomicity is different; nitrogen, for instance, is in 
some compounds a monad, in others a triad, and others a 
pentad. But when an element has more than one atomicity, 
they are almost always expressed by either a series of even 

„GoogIc 



Graphic Formula;. 123 

or of odd numbers, so that elements are sometimes simply 
classified into artiads, having an even atomicity, and perissads, 
in which the atomicity is odd. It is probable that this 
results from the bonds of atoms uniting in pairs, and thus 
satisfying each other. Taking nitrogen as an example, this 
is represented graphically thus: — 



V 


9 


9- 


/]\ 


/K 


s\ 



The highest atomicity an element possesses in any com- 
pound is termed the absolute atomicity. Where the element 
combines with a lower number of other atoms than is neces- 
sary to satisfy this, the number of its bonds entering into 
union is the active atomicity; the number which is inactive 
through mutual union represents the latent atomicity. 

It is difficult in some compounds to trace out the manner 
in which the bonds are disposed, and at first sight the laws 
of atomicity are apparently set at naught. Still, even with 
these seeming discrepancies, the composition of bodies is 
rendered much plainer by a knowledge of the atomicity of 
the elements of which they are composed. 

The laws above enunciated are followed in the great 
majority of compound bodies, which are known ; there are, 
however, a few exceptions, and Ihese, although not numerous, 
are very decisive. For instance the compound of nitrogen and 
oxygen known as nitric oxide cannot have its formula written 
graphically in conformity with the rules previously given. The 
molecule of that body contains 14 by weight of nitrogen and 16 
of oxygen: this, therefore, must be expressed by NO. From a 
study of the great number of compounds of each of these gases, 
we must give them in almost all instances the absolute atomici- 

s of V and II respectively. NO therefore can only be written 

N~0, which leaves one bond of nitrogen unsatisfied. 
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Some chemists explain this by assuming that the molecule of 
nitric oxide really contains two atoms of each element, and its 
formula, therefore, is N a 3 ; the graphic formula is then easily 
written 0=N:EN=:0. But this assumes that the molecule of 
this gas occupies double the volume of that of hydrogen, thus 
making it -an exception to the law of Avogadro. The student 
will remember that that law is based on the similar behaviour 
of different gases when subjected to varying temperatures and 
pressures ; nitric oxide, however, acts exactly like all other 
gases, and, therefore, must be considered as equally with those 
obeying Avogadro's law ; consequently we must look on NO as 
its formula. Purely chemical considerations also point to its 
molecule being represented by the simple rather than the more ■ 
complex expression. 

- Nevertheless the almost universal obedience to the rule 
which states that the atomicity of an element is represented by 
either a series of even or odd numbers causes us to look on it 
as much more than a coincidence; it is in all probability a law, 
the exceptions being ruled by a law within the law, of which we 
are as yet ignorant. The question of atomicity is a wide one, 
and its further consideration must be postponed until a more 
advanced stage of the student's studies. 

96, Basicity Of Acids. — In order to form salts, 
different acids require different quantities of a base; the 
measure of this quantity is termed the ' basicity ' of the acid 
The basicity of an acid depends on the number of 
atoms of hydrogen it contains, that are capable of 
replacement by the metal of a base. Those acids con- 
taining but one atom of replaceable hydrogen are termed 
monobasic acids; those with two and three are respectively 
termed dibasic and tribasic acids. In forming salts one 
atom of hydrogen is replaced by one atom of a monad metal, 
two atoms of a dyad, and so on. In consequence, two 
atoms of a monad metal are required in order to replace the 
hydrogen of a dibasic acid such as sulphuric acid, H a SO.,; 
while an atom of a dyad metal, such as copper, displaces the 
hydrogen of two molecules of a monobasic acid such as 
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nitric acid, HN0 3 . In the case of acids which contain 
more than one atom of replaceable hydrogen, salts are some- 
times formed in which a part only of the hydrogen is 
replaced; such salts are termed 'acid,' or 'hydric,' salts, 
while those in which the whole of the hydrogen is replaced 
are termed normal salts. The following are typical examples 
of acids and the corresponding salts, sodium being a monad 
and calcium a dyad: — 



HN0 3 H a SO, HjPO, 

Nitric acid. Sulphuric acid. Phosphoric acid. 

NaNO, Na,SO, NajPO, 

Sodium nitrate. Sodium sulphate. Sodium phosphate. 

NaHS0 4 Na 2 HP0 4 

Ca (NO a ) 2 CaSO, Ca 3 (PO<), 

Calcium nitrate. Calcium sulphate. Calcium phosphate. 

The above table shows that the dibasic acids require two 
atoms of a monad metal to displace the whole of the 
hydrogen, while a dyad metal requires two molecules of a 
monobasic acid to form its salt The formute of such salts 
as Ca(N0 3 ) s are sometimes written CaN-0 6 ; the former, 
however, shows more clearly its relation to nitric acid 
(HNO3). The small 2 outside the bracket refers to the 
whole group within. 



CHAPTER XIII. 

CARBON. 

Symbol, C. Atomic weight, 11*97. Specific 
gravity as diamond, 3 '4. 

The specific gravity of solids and liquids is referred to that 
of water, which is taken as unity. 
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97. Occurrence.— This element occurs in nature both 
free and combined. Like oxygen, it is found in more forms 
than one. The various modifications present striking differ- 
ences in appearance and properties from each other, although 
chemically they are one and the same substance. The 
diamond and graphite are examples of native free carbon. 
In addition to these carbon is an essential constituent of 
all organic compounds; that is, such substances as wood, 
flesh, bones, &o, and the numerous bodies which may be 
derived from them. Coal, which is fossilised wood, must 
also be included among the carbonaceous bodies. It also 
largely occurs as carbonatesj of which limestone is the most 
important. 

98. Preparation. — By heating wood, coal, or bones in 
a closed vessel, carbon, in an impure state, may be obtained. 
Water and volatile compounds of carbon with hydrogen 
and oxygen are driven off ; the excess of carbon remains, 
together with the non-combustible portions of the wood or 
other body. 

Experiment 85. — Fit up the apparatus shown in Fig. 7 with 
a combustion tube; place in it some chips of dry wood; fix the 
tube in the retort stand with the mouth slightly lower than the 
Other end, so that any liquid which distils may not run back on 
the hot glass. Place a bottle for the collection of the gas, and 
apply heat to the wood: some water and a tarry liquid condense 
in the cooler part of the tube; an inflammable gas passes over 
into the jar. When the action ceases a black mass remains of 
approximately the same shape as the original wood, and still 
retaining the grain and marks of woody structure: this body is 
charcoal. 

This process of heating a body and causing its decompo- 
sition into gaseous and liquid products in part, which are 
collected, is termed ' destructive distillation.' 

Charcoal is manufactured sometimes in this way, in large 
iron retorts, but more frequently by building a mass of wood 
faggots, covering them with peat, and making an opening at 
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the top and bottom. The pile is then fired, a portion only 
of the wood is allowed to burn, and its heat converts the 
remainder into charcoal. 

Coal is subjected to destructive distillation on the large 
scale for the manufacture of coal-gas ; the carbon which re- 
mains in the retort is known as ' coke.' It is denser and 
harder than wood charcoal. 

Bones, on being similarly treated, yield 'animal charcoal.' 
This, when finely ground, is called 'ivory black.' 

A purer form of charcoal is obtained by burning turpen- 
tine, resin, or other substances rich in carbon. With a 
limited supply of air the hydrogen burns and the carbon 
being liberated is deposited as soot in chambers arranged 
for its collection. In this way lampblack is made. It, how- 
ever, still contains hydrogen, which is driven off by heating 
the lampblack intensely in a current of chlorine. Hydro- 
chloric acid is formed, and carbon remains. The carbon 
obtained by the whole of these methods is amorphous ; 
graphite and diamond are both crystalline. Graphite occa- 
sionally crystallises out in small hexagonal plates from the 
solution of carbon in fused cast iron. Chemists have long 
sought to obtain crystals of diamond by artificial means, but 
hitherto without success. 

00. Properties. — The three forms in which carbon 
occurs differ remarkably in appearance and physical pro- 
perties. 

100. Diamond. — The diamond is usually found in 
rounded pebbles, but sometimes occurs in well-developed 
crystals of octahedral form, or shapes closely allied to it. 
Fig. 27 is an illustration of an octahedron. The lozenge- 
shaped outline of this figure, when viewed in certain direc- 
tions, is familiar to all under the name of 'diamond-shaped.' 
The diamond is the hardest substance known, scratching 
or cutting all other bodies. Small crystals set in a proper 
holder are used by glaziers for cutting glass. When pure 
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the diamond is perfectly transparent and colourless; it takes 
a very high polish. Its index of refraction is high (that is, 
a ray of light which enters it obliquely is bent very con- 
Fin ej. siderably). Owing to this fact much of 
the light undergoes total reflection, and 
s is one cause of its great brilliancy 
when cut and used as a gem. The 
' diamond neither conducts electricity nor 
heat. It may be made red hot without 
change; but in the intense heat of the 
voltaic arc it swells up, becomes opaque, 
and is changed into a black coke-like mass, and acquires 
the power of conducting heat and electricity. 

101. Graphite.— Graphite differs from the diamond in 
almost every characteristic. It occurs in compact masses, 
which appear to be more or less crystalline. The more 
perfect crystals occur as hexagonal plates. This crystalline 
shape is totally distinct from that of the diamond. Graphite 
has a metallic lustre, and is of a leaden grey colour ; it has 
consequently also received the names plumbago and black 
lead. It is very soft, and marks paper. The finer qualities 
are employed in the manufacture of black-lead pencils ; it 
has a peculiar greasy feel, and is sometimes employed for 
lessening the friction between two rubbing surfaces. After 
the metals, graphite is one of the best conductors of heat 
and electricity. 

102. Amorphous Carbon.— Amorphous carbon or 
charcoal possesses a remarkable property of absorbing gases 
and condensing them within its pores. Freshly burnt char- 
coal is in this way capable of absorbing about ninety volumes 
of ammonia. This property is demonstrated by experiment 
in the chapter on that gas. Owing to this peculiar property 
charcoal is a valuable antiseptic : it absorbs various putre- 
factive gases, and thus brings them into contact with oxygen, 
also condensed within it. Oxidation proceeds, and these 
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gases, which are mostly composed of hydrogen and carbon, 
are changed into harmless and odourless compounds, viz. 
water and carbon dioxide. 

Charcoal also retains the colouring matter of liquids 
passed through it Raw sugar is decolorised by being mixed 
in solution with animal charcoal and then filtered ; the 
filtrate is found to be colourless. 

Experiment 86. — Take some syrup of the brownest and 
coarsest sugar obtainable ; shake up in a test-tube with coarsely 
powdered animal charcoal ; allow the charcoal to subside and 
then filter off ; the sugar solution will be much lighter in colour. 
The colour of the original solution may, if necessary, be height- 
ened by the addition of a little burnt sugar. 

103. Common Chemical Properties.— All forms of; 
carbon are incapable of liquefaction or volatilisation at the 
most intense heats at our command. They are all combus- 
tible ; the same weight of diamond, graphite, and charcoal 
yields the same amount of carbon dioxide when burned, 
thus establishing their chemical identity : — 

C + O, = CO, 

Carbon (diamond, Oxygen. Carbon 

Knphitc, or charcoal). dioiide. 

The diamond may be burned by placing it on a con- 
necting strip of platinum foil, between two copper wires 
passing through the stopper of a gas jar filled with oxygen. 
The passage of a voltaic current raises the platinum to a 
white heat, the diamond burns away, leaving only a minute 
trace of ash. 

Graphite may be burned more easily. 

Experiment 87. — Fill a jar with oxygen ; place some pow- 
dered graphite in a clean deflagrating spoon ; ignite to a bright 
red heat over the foot blow-pipe, and quickly plunge into the 
gas. Notice a brightening of the glow on entering the oxygen. 
When the action is over, take out the spoon, add lime-water 
and shake up ; the lime-water becomes milky. 
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Charcoal burns in oxygen with readiness. 

Experiment 38. — Place a piece of charcoal in the deflagrating 
spoon, kindle it, and introduce into a jar of oxygen ; it burns 
brightly. Test the gas with lime-water and note milkiness. 

Lime-water is prepared by adding a small piece of lime to 
water, and shaking up in a stoppered bottle. When the excess 
of lime has settled to the bottom the clear solution is poured 
off, and is ready for use. 

Lime and carbon dioxide combirie readily and produce 
an insoluble substance, carbonate of lime ; hence the 
milkiness. After a time this falls to the bottom as a white 
precipitate, . 

CaH 2 O a + COs = CaCOj + H s O 

Calcium hydrate Carbon dioxide. Calcium carbonate Water. 
(lime-water). (carbonate of lime). 

From this property lime-water is a most useful test for 
the presence of carbon dioxide. If the carbon dioxide is 
in considerable excess the precipitate will re-dissolve. 

Bodies containing carbon also yield carbon dioxide when 
burned. 

Experiment 89.— Light a taper and place it in a jar of air ; 
when the light is extinguished, test with lime-water for carbon 
dioxide. Pour a few drops of methylated spirits in a deflagrat- 
ing spoon ; light and place in a jar of air ; again test for car- 
bon dioxide. Similarly pour a few drops of petroleum into the 
deflagrating spoon and heat until the liquid takes fire ; intro- 
duce into a jar of air and test with lime-water. 

Burn a small jet of coal gas in a jar of air, using the same 
apparatus as was employed for the burning of hydrogen in 
chlorine ; as soon as the light goes out remove the gas jet and 
test with lime-water. 

In each case carbon dioxide is found to be present 
Water is also formed as a product of combustion of these 
bodies, all of which are compounds containing carbon and 
hydrogen. The formation of water is demonstrated by the 
quantity deposited when a cold body is placed above a gas 
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flame. This may be observed whenever a flask of water is 
heated over a Bunsen. Water would also be deposited on 
the outside of a flask held over the chimney of a petroleum 
lamp. The carbon compounds with hydrogen are so uni- 
versally used as heat -producers that no fuel could be taken 
which did not give these reactions. 

Further than this, animal heat is also a result of the 
slow combustion of compounds of carbon. That articles of 
food contain carbon may be easily demonstrated. 

Experiment go. — Take small portions of bread, sugar, and 
meat ; dry them and heat to redness in test-tubes of combustion 
tubing ; a mass of more or less pure carbon remains. 

Finely powder each of these bodies in the dry state and mix 
each with powdered copper oxide. Heat each mixture to red- 
ness in a combustion test-tube, fitted with cork and tube leading 
into lime-water. A milkiness is produced in each case, showing 
that their oxidation had produced carbon dioxide. 

Air is drawn into the lungs, and there oxidises certain 
constituents of the blood, which are obtained from food. 
Water and carbon dioxide are thus produced, and are ex- 
haled continually from the lungs. 

Experiment 91. — Breathe against any cold surface, as the 
outside of a bottle of water ; it is covered with a film of dew. 
Breathe through a glass tube into some lime-water in a beaker ; 
it rapidly becomes milky. 

Carbon dioxide is always present in the atmosphere as a 
result of these changes. Its presence may be detected by 
means of lime-water. 

Experiment 92. — Partly fill an evaporating basin with lime- 
water, and let it remain exposed to the air for a few minutes ; a 
thin film of carbonate of lime will have formed on the surface. 

That air contains far more carbon dioxide when exhaled 
from the lungs than when inspired may be proved by the 
following experiment : — 

,Gooy[£ a 
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Experiment 93. — Fit up two wash-bottles such as are shown 
in No. 3, Fig. 10. By means of india-rubber tubing connect one 
end of a T or three-way tube with the long tube of one of the 
wash-bottles, and the second end of the T tube with the short 
tube of the other wash-bottle. About a quarter fill each wash- 
bottle with lime-water and insert the corks. Place the third 
limb of the T tube in the mouth and breathe ; as each breath is 
drawn in, air enters through the short-limbed wash-bottle, bub- 
bling through the lime-water. At each exhalation air passes out 
through the other bottle. The air is thus passed through lime- 
Water before and after being breathed. The lime-water in the 
first bottle is only rendered very slightly turbid ; that in the 
second rapidly becomes milky. 

The functions of atmospheric carbon dioxide are treated 
more fully in Chapter XV. 

Summary. 

Carbon occurs in three forms : the diamond, graphite, and 
amorphous carbon as charcoal ; the two first are native, the 
third is obtained from certain organic bodies by heating them 
in closed vessels. The diamond is extremely hard ; graphite 
is soft and metallic-looking. Charcoal is used as a deodorising 
and decolorising agent. The whole three forms are com- 
bustible, producing carbon dioxide. This gas is detected by its 
turning lime-water milky. All bodies containing carbon pro- 
duce carbon dioxide when burned ; carbon dioxide is also 
formed by animals breathing ; it is always present in air. 

Laboratory Hints. 

After Experiment 85 clean the leading tube at once by pass- 
ing water through it ; the tarry liquid is more difficultly removed 
after standing. Do not use any india-rubber tubing, but let the 
leading tube be entirely of glass. 

In burning coal gas in a jar of air the jet must be removed 
as soon as the light goes out, because, if allowed to remain, the 
coal gas would displace the remaining air and carbon dioxide, 
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CHAPTER XIV. 

OXIDES OF CARBON. 

Two oxides of carbon are known :— 

Carbon monoxide or carbonic oxide, CO. 
Carbon dioxide or carbonic anhydride, CO,. 

The latter of these, being the most important, should be 
first studied. 

Carbon Dioxide. — Formula, CO,. Molecular- 
weight, 4389. Density, 2194. Specific gravity, 
1-527. 

Graphic formula, 0=C=O. 

104. Occurrence. — The presence of carbon dioxide 
in the atmosphere is mentioned in the previous chapter ; it 
also exists in vast quantities in combination with lime, in 
limestone, chalk, marble, &c. 

105. Preparation. — By the action of heat, limestone 
may be decomposed into lime and carbon dioxide, according 
to the following equation : — 

CaC0 3 = CaO + CO, 

limestone (calcium Lime Carbon 

carbonate). (calcium oxide). dioxide. 

Enormous quantities of limestone are ' burned ' in pro- 
perly constructed furnaces called kilns, for the purpose of 
obtaining quicklime, that substance being used in making 
mortar. The student may separate the two on the small 
scale in the following manner : — 

Experiment 94.— In a test-tube of hard glass tubing place a 
little powdered marble or chalk ; close the mouth of the tube 
loosely with the thumb, and heat strongly for about a minute 
over the foot blow-pipe. Keep the tube closed, and pour into 
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another test-tube some lime-water ; the gas being heavier than 
air, pour it from the combustion tube into that containing the 
lime-water ; shake up : the lime-water becomes milky. 

If the application of heat be continued, the whole of 
the carbon dioxide may be driven off ; but in the time 
mentioned a part only will probably be evolved. 

A much readier method of separating the carbon dioxide 
from the base is by the addition of an acid, as hydrochloric. 
The following change ensues : — 

CaCOj + 2HC1 = Cadj + H a O -f- Q.O % 

Calcium Hydrochloric Calcium Water. Carbon 

carbonate. ;icid. chloride. dioride. 

Experiment 95. — Add a drop of hydrochloric acid to lime- 
water which has been rendered milky by carbon dioxide ; it 
immediately becomes clear. Add some hydrochloric acid to 
some fragments of marble in a test-tube ; brisk effervescence 
occurs ; when over, pour the gas, and the gas only, into a 
second tube containing lime-water ; this, on shaking, becomes 
milky. 

Experiment 96. — Prepare four jars of the gas in the follow- 
ing manner. Place some fragments of marble or limestone in 
the flask arranged as for the preparation of hydrogen ; add a 
little water, and then some hydrochloric acid ; collect over 
water in the pneumatic trough. 

106. Properties. — Carbon dioxide is a colourless gas. 
It has a faint, sweetish, acid taste and smell, which are best 
described as being those of a bottle of soda-water when 
opened (so-called soda-water is a solution of carbon dioxide 
in water under pressure). 

At a pressure of 38-5 atmospheres this gas condenses to 
a liquid at o° C. : it may also be liquefied at ordinary pres- 
sures by a temperature of — 78 C. Liquid carbon dioxide 
is colourless and transparent; on being allowed to emerge 
in a stream from the vessel containing it, a part volatilises, 
and, in so doing, deprives the remainder of the heat neces- 
sary to maintain it in the liquid state ; it therefore freezes. 
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Solid carbon dioxide obtained in this manner is a white, 
snow-like mass, which evaporates comparatively slowly. 

At 15 C. the gas is soluble in about its own volume of 
water, whatever the pressure ; but as an increase of pressure 
increases the density of the gas, the weight absorbed is in 
direct proportion to the pressure to which the gas is sub- 
jected. Soda-water, lemonade, and other aerated beverages, 
are prepared by dissolving carbon dioxide in water, under 
the pressure of a force-pump. From the solubility of the 
gas in water directions are frequently given for its collection 
by displacement, but the gas is obtained so readily in large 
quantity that for most purposes it may as well be collected 
over water. 

The weight of carbon dioxide permits many striking ex- 
periments to be performed with it. 

Experiment 97. — Fill by downward displacement a bowl 
or some other vessel about eight inches diameter, and the same 
depth, with the gas. Make a soap solution, and blow some 
bubbles ; detach them from the pipe used over the vessel of 
gas ; they will descend and float on the surface of the carbon 
dioxide. 

This gas is generated in brewing. The vats remain full 
for some time after the liquor has been drawn off; and 
many deaths have occurred through men incautiously de- 
scending in them. The same danger exists from accumula- 
tions of the gas in mines. A lighted taper is instantly 
extinguished by the gas, which does not itself take fire. 

Experiment 98. — Immerse a lighted taper in a jar of the 
gas : it is immediately extinguished. Take another jar of gas 
and pour it over a lighted taper ; notice that it extinguishes it : 
this shows the greater density of carbon dioxide. Take care 
that any drops of water remaining in the jar do not fall on the 

Several of the metals which have a great affinity for 
oxygen burn in the gas with the displacement of carbon. 
If a piece of brilliantly burning magnesium wire is intro- 
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duced in the gas, it continues to bum ; the fragments of 
magnesium oxide falling to the bottom are found mingled 
with carbon. On the jar being rinsed with a few drops of 
hydrochloric acid, the oxide dissolves, and the carbon is 
readily distinguished : — 



The same reaction is also effected by potassium, potas- 
sium oxide being formed instead of that of magnesium. 

Experiment 99. — Fill a four-ounce dry flask, by downward 
displacement, with carbon dioxide gas. Introduce a pellet of 
potassium, about the size of a pea, and heat gently until the 
potassium glows. When all action is over let the flask cool, 
and dissolve out its contents with water ; observe that there is a 
residue of free carbon. 

107. Carbonic Acid and Carbonates.— Carbon 
dioxide possesses feebly acid properties when combined with 

water, and therefore is sometimes called carbonic anhydride. 
Experiment 100.— Pour a little litmus solution into a jar of 
the gas, and shake up ; the colour is changed to a port-wine 
tint, very different from that produced by the stronger acids. 

The solution of carbon dioxide in water is undoubtedly 
a true acid. 

CO, + H a O = H a CO s 

Cuban dloiide. Water. Carbonic add. 

It is, however, very unstable, and has never been sepa- 
rated from an excess of water. The gas is expelled entirely 
by boiling the water or by freezing it. 

Being a dibasic acid it forms a double series of salts, one 
of which is normal, the other acid. Thus we have sodium 
carbonate, Na s C0 3 , and sodium bicarbonate, or acid car- 
bonate of sodium, NaHCO s . 

The attraction of carbon dioxide for bases has been 
already utilised by the student in his tests for that gas by 
lime-water. Lime absorbs carbon dioxide slowly from the 
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atmosphere ; hence pieces of old mortar invariably contain 
it. It aids in ' setting ' the mortar, which becomes harder 
with age. 

Experiment 101. — Place some fragments of old mortar in a 
test-tube ; pour on them some hydrochloric acid ; notice the 
effervescence ; when over, pour the gas into another test-tube 
containing lime-water ; it is rendered milky. 

This experiment is not, however, absolutely conclusive, 
as even new lime is never so thoroughly 'burned' as to 
entirely decompose the carbonate. 

The carbonates are an important series of salts ; with 
the exception of those of the alkalies, they are insoluble in 
water. They are readily decomposed by almost any acid, 
with the liberation of carbon dioxide. 

Several of the bicarbonates are soluble, the correspond- 
ing carbonates being insoluble. That of lime is an interest- 
ing and important example. 

Experiment 102. — Boil some hard water from springs in 
chalk or limestone formations (if obtainable) in a small flask 
or beaker for about a quarter of an hour ; at the expiration of 
that time notice that the water has become slightly turbid by 
the separation of calcium carbonate. 

The bicarbonate has been decomposed by heat, the 
carbon dioxide evolved, and the insoluble carbonate pre- 
cipitated : — 

CaH,(CO») a = CaC0 3 + H s O + CO, 



The same experiment may be tried in another r 
in which the formation of the bicarbonate may also be 
noticed. 

Experiment 103. — Fit to the carbon dioxide apparatus a 
small wash-bottle with water ; pass the washed gas for some 
minutes into some lime-water in a beaker ; a precipitate at first 
forms, and is after a while redissolved. Then boil for some 
minutes ; calcium carbonate is again deposited. 
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108. Hard and Soft Waters.- -In the preceding 

paragraph reference has been made to ' hard water ' ; the 
inference may be drawn that hardness is in some way 
connected with the presence of calcium salts in solution. 
It may be well to explain here what is understood by the 
terms ' hard ' and ' soft ' when applied to water, and to what 
these properties are due. Certain kinds of water when mixed 
with a very small quantity of soap immediately produce a 
lather, and the water acquires that peculiar feel to the hands 
known as ' soapiness.' Such water is termed ' soft.' Other 
waters when used with soap for washing purposes do not 
lather at all readily, and do not cause ' soapiness ' until a 
considerable quantity of soap has been consumed. When 
a lather is actually formed, there will be found on examina- 
tion a layer of scum on the surface of the water. Such 
water is termed 'hard' 

Without going into the details of the composition of soap 
and its reaction with water when used for washing, it may 
be explained that soluble salts of calcium and magnesium 
decompose soap, forming a precipitate which constitutes the 
previously mentioned scum found when washing with hard 
water. Consequently, if water containing calcium salts in 
solution is employed for washing, sufficient soap must first 
be added to precipitate these salts before any is available 
for cleansing ; hence hard waters are neither so agreeable 
nor so economical for washing purposes. 

The principal calcium and magnesium salts found in 
water are the carbonate and the sulphate. As seen from a 
previous experiment, the carbonates may be precipitated by 
the act of boiling, and any hardness due to their presence 
may be thus remedied. Consequently any hardness 
produced by carbonates of calcium or magnesium 
is termed ' temporary ' hardness, because such hard- 
ness is removed by boiling. 

The sulphates and chlorides of calcium and magnesium 
are not precipitated by boiling, as their solution is caused 

>, Google 



Hardness of Water. 139 

by the water itself, and not by water plus carbon dioxide 
gas. Therefore hardness due to the presence of 
sulphates (or chlorides) of calcium or magnesium 
is termed ' permanent ' hardness. 

The hardness of most waters is partly temporary and 
partly permanent ; the two together constitute the total 
hardness of the water. 

The hardness of water is usually tested by taking a 
measured quantity of the water and adding thereto in a 
stoppered bottle a solution in alcohol of soap of a known 
strength. This is introduced in small quantities at a time 
from a measuring instrument, the water being well shakenafter 
each addition. As soon as a lather is thus produced, which 
stands unbroken for five minutes, the quantity of soap 
solution which has been used is read off; from these data 
the total hardness is determined. A sample of the water is 
next boiled until the carbonates are precipitated ; then after 
certain precautions the hardness is again determined with 
the soap solution. This gives the permanent hardness ; the 
difference between the total and the permanent is the 
temporary hardness. 

109. Processes of Softening Water.— Water may 

be softened to the extent of the removal of the temporary 
hardness by the act of boiling for some minutes. Potassium 
and sodium carbonates precipitate calcium and magnesium 
salts and themselves possess detergent or washing pro- 
perties ; therefore these salts will remove all hardness, 
whether temporary or permanent. One of the characteristics 
of potassium and sodium carbonates is the power they 
possess of imparting a soapy feel to pure water. Ordinary 
washing soda, or soda-crystal, is commercial sodium 
carbonate. 

no. Clark's Water-softening Process.— A most 
interesting process for the softening of water is that bearing 
the name of Clark's Process. The process depends on two 
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chemical reactions with which the student is already 
familiar. First, that calcium carbonate is no longer soluble 
in water from which the carbon dioxide gas has been 
removed ; secondly, that lime forms an insoluble compound 
with carbon dioxide gas. To soften water by Clark's 
Process, lime-water is added in sufficient quantity to exactly 
combine with the dissolved carbon dioxide gas. The whole 
of the lime, both that originally present in the water as 
carbonate and that added as hydrate, is precipitated, and 
the temporary hardness of the water is thus removed. The 
chemical reaction is represented in the following equa- 
tions : — 

f CaCO s = CaC0 8 

JH a O,CO, + CaHjOj = CaCO s + 2H,0 

Solution of carbon Lime water Original calcium Water, 

dioxide in water (calcium carbonate, and 

(carbonic acid), hold- hydrate). also that formed 

ing calcium carbonate from dissolved 



The precipitated lime is removed either by allowing it to 
subside or by nitration. 

Experiment 104. — Procure some standard soap solution, such 
as is used for water analysis. (This may be prepared in the 
laboratory, according to directions given in works on analysis, 
or may be purchased from dealers in chemicals.) The follow- 
ing apparatus will be required ; a burette, holding jo c.c, and 
stand ; the end of a burette is shown in the accompanying 
figure. The instrument consists of a glass tube, graduated 
throughout most of its length, and with a spring clip arranged 
at the bottom. A pipette, holding 50 c.c, and a stoppered bottle, 
of about ten ounces capacity, are also requisite. 

Having cleaned the various apparatus, place the lower end 
of the pipette in some hard water and suck it up above the 
level of the graduated mark round the stem. Place the thumb 
on the top, and let the water drop slowly from the bottom until 
the graduation mark is exactly reached. Then, by removing 
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tht thumb, allow the whole of the contents of the pipette to 
drain into the bottle. Rinse the burette with a few drops of the 
soap solution and then till it above the zero mark at the top. 
Press the buttons of the spring clip and allow the solution to run 
out until the zero line is reached. „ 

Next run the soap solution into the ilip. 

hard water in the bottle in quan- 
tities of about 1 c.c. at a time, 
shaking vigorously between each 
addition, and noticing whether or 
not any signs appear of a perma- 
nent lather being formed Continue 
this until, when the bottle is shaken 
and laid on its side, the lather does 
not break for five minutes. Make 
a note of the quantity of soap solu- 
tion which has been used. 

Next take a light flask of about 
250 c.c. capacity ; place it on a 
balance and fill with the water 
until the water and flask together 
weigh exactly 200 grams. Set the 
flask over a Bunsen and boil the 
water for half-an-hour. At the end 
of that time place the flask again 
on the balance and make up to the 

weight of 200 grams by adding recently boiled distilled water. 
This is done in order to replace the water lost by evaporation. 
Filter off the precipitated calcium carbonate, let the water cool, 
and determine the hardness in 50 c.c. precisely as before. The 
hardness now found is the permanent ; that which has disap- 
peared through boiling is the temporary. 

To another portion of the hard water add sodium carbonate 
(washing soda) until the water feels soapy to the touch ; then 
test with soap solution, and notice that a lather is produced by 
the addition of the first few drops. 

Prepare a solution of phenolphthalein by dissolving I gram 
of the substance in 30 c.c. of strong alcohol. Take a litre of the 
hard water ; add a few drops of the phenolphthalein solution 
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and then pour in lime-water until the water acquires a faint pink 
tint From 80 to 100 c.c. of lime-water will probably be required. 
(The object of the phenolphthalein is to show the point when a 
sufficient quantity of lime has been added, as the slightest excess 
causes in the presence of this substance a red coloration.) The 
pink tint may be again discharged by the cautious addition of a 
little more of the water until the colour just disappears. Let the 
water stand for a few hours, and a precipitate of calcium car- 
bonate falls to the bottom. Determine the hardness of the clear 
water ; it should closely agree with that softened by boiling. 

In softening water on the large scale the testing with phe- 
nolphthalein is performed, not on the whole bulk, but on small 
quantities taken out from time to time for the purpose of making 
the test 

Carbon dioxide is injurious when present in air in large 
quantity ; all rooms should therefore have ample means of 
ventilation. Nine sleeping rooms out of ten are insufficiently 
furnished in this respect ; a room should never be used for 
sleeping purposes without at least the register of the stove 
open. 

111. Composition. — Carbon dioxide contains its own 
volume of oxygen ; consequently carbon may be burned in 
that gas without its undergoing any change of volume. Its 
composition by weight is ascertained by burning a weighed 
amount of carbon in oxygen, and collecting and weighing the 
resulting carbon dioxide. 

Carbon Monoxide. — Formula, CO. Molecular 
weight, 27*89. Density, 13-06. Specific gravity, 
0-967. 

Graphic formula, f \.C=0. 

112. Occurrence. — Everyone is familiar with the ap- 
pearance of a coke or charcoal fire, or of a coal fire which has- 
burned perfectly clear and smokeless ; the whole mass glows 
with a bright red heat, and hovering over the top are lambent 
blue flames : the origin of these may be traced in this way ; 
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in the lower parts of the grate, where air enters the fire, carbon 

dioxide is formed according to the following equation : — 

C + 0, = CO, 

Carbon. Oxygen. Carbon dioxide. 

This makes its way upwards through the red-hot carbon 
and becomes changed by reduction to carbon monoxide, 
and thus an inflammable gas is produced. The same effect 
is produced in the following manner : — 

Experiment 105. — Loosely fill an iron tube with fragments 
of charcoal ; fit to each end corks with pieces of quill tube 
passed through ; place it in a furnace and raise to a red heat 
Pass a slow current of carbon dioxide through the tube ; light 
the gas as it emerges : it burns with the same blue flame as is 
seen playing over the coke or charcoal fire. 

Evidently, then, the gas is changed ; for carbon dioxide 
is non-inflammable. The change is thus represented : — 
CO a + C = 2C0 

Carbon dioxide. Carbon. Carbon monoxide. 

When carbon is burned without a sufficient supply of air, 
carbon monoxide is form'ed as one of the products of com- 
bustion. This gas may also be produced by the incomplete 
combustion of carbon compounds. 

U3. Preparation. — The gas is most conveniently pre- 
pared by heating certain organic compounds with concen- 
trated sulphuric acid. This body has a very great attraction 
for water, in virtue of which it decomposes many substances 
containing hydrogen and oxygen, and assimilates the water ; 
the remaining atoms re-arrange themselves into whatever 
other compounds are possible. Oxalic acid, when thus 
treated, is split up into water, carbon dioxide, and carbon 
monoxide : — 

H,C.p 4 = HjO + CO a + CO 

Oxalic acid. Water. Carbon dioxide. Carbon monoxide. 

Equal volumes of carbon monoxide and dioxide are 
thus produced. 



144 Text-Book of Inorganic Chemistry. 

Experiment 106. — Place in an eight-ounce flask, fitted with 
either thistle funnel and leading tube, or with a leading tube 
only, half an ounce of oxalic acid (crystallised) and an ounce of 
concentrated sulphuric acid. Gently heat the mixture, and after 
the expulsion of air fill three jars with the gas over water in the 
pneumatic trough. As this gas is very poisonous it should be 
prepared in the stink cupboard. 

Experiment 107. — Place a light to one jar ; notice that the 
gas bums with a blue flame. 

Experiment 108. — Add some lime-water to a second, and 
observe that, on being shaken, it becomes milky. 

Experiment 109. — Prepare a solution of crude caustic soda 
and pour it into a beaker sufficiently large to hold a jar and 
the glass plate. Invert a third jar in this solution ; hold the 
glass plate to the bottom of the beaker with a glass rod ; and 
thus remove it from the mouth of the jar. Let it stand in the 
soda for some time ; the liquid slowly rises, through the ab- 
sorption of the carbon dioxide, until the jar is half filled. The 
quantity of soda solution to be taken should be roughly esti- 
mated from the size of the jar. 

In this last experiment the soda and carbon dioxide 
unite and produce sodium carbonate : — 

2NaHO + CO, = Na^CO, + H s O 

Carbon monoxide may be prepared free from the 
dioxide by the use of formic instead of oxalic acid. The 
following reaction then takes place :— 

H a CO a = H 2 + CO 

Formic acid. Water. Carbon monoxide 

Another method is to heat potassium ferrocyanide 
(yellow prussiate of potash) with sulphuric acid ; the change 
occurring is complicated : — 

K^FeCfiN,; + 6H 2 S04 + 6H 2 = 

Potassium ferrocyanide. Sulphuric acid. Water. 

2K.SO, + FeSO, + 3(NH,),SO ( + 6CO 
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Experiment 1 10. — Take a sixteen, or preferably a thirty-two, 
ounce flask, fitted with thistle funnel and leading tube. Insert, 
in lumps, a quarter of an ounce of commercial ferrocyanide 
and about two ounces of sulphuric acid. Get three jars ready 
filled with water and inverted in the pneumatic trough. Fix the 
flask in the retort stand with the end of the leading tube in the 
trough ; apply heat carefully. As soon as the gas begins to 
be evolved remove the flame, as the action continues with 
extreme rapidity. 'When the whole of the air is expelled fill the 
three jars with gas. The end of the thistle funnel should be 
pushed down as near as possible to the bottom of the flask 
without touching. Sometimes, through lack of sufficient pre- 
cautions, the gas is produced so violently that the pressure 
forces the boiling acid up through the funnel ; should this be 
the case remove the light, take the delivery tube out of the 
water, and stand out of the reach of splashes of falling acid. 
Throw whiting on any which is spilled on the working bench 
and then wipe off with an old duster. 

114. Properties. — Carbon monoxide is a colourless 
gas ; it has a slight oppressive odour, and is extremely 
poisonous, producing a painful headache even when present 
in small quantities in air. It is but slightly soluble in 
water : 100 volumes dissolve a'434 volumes of the gas at 
15 C. It liquefies only under very great cold and pressure. 
Carbon monoxide is inflammable and a non-supporter 
of combustion ; when burned its own volume of carbon 
dioxide is produced, half of its volume of oxygen being 
required : — 

2CO,. + O a = 2CO, 

Carbon monoxide. Oxygen. Carbon diovide 

Experiment m. — Immerse a lighted taper in a jar of the 
gas ; it is extinguished, but the gas bums with a blue flame, as 
when made from oxalic acid. 

This gas is devoid of acid properties, and consequently 
is without action on lime-water. 

Experiment 112 — Add some lime-water to a jar of the gas 
ind shake up ; no turbidity is produced. Inflame the gas, re- 
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place the plate, and then again shake ; the lime-water becomes 
milky through the presence of carbon dioxide. 

Carbon monoxide acts as a powerful reducing agent, and 
is frequently used in metallurgical operations for the produc- 
tion of metals from their oxides. 

Experiment 113. — Arrange a piece of combustion tubing 
about eighteen inches in length in the combustion furnace and 
connect by means of a cork, piece of quill tubing, and india- 
rubber tube with an apparatus evolving carbon monoxide gas. 
(The most convenient method of obtaining the gas for this 
purpose is from oxalic and sulphuric acids. The gas may be 
passed through a wash-bottle containing caustic soda, but the 
carbon dioxide takes no part in the reaction.) Partly fill the 
combustion tube with granulated copper oxide, expel the air by 
passing a slow current of carbon monoxide, and then light the 
furnace. On the tube becoming red-hot notice that the oxide 
is reduced to the metallic state. 

If wished carbon monoxide, free from the dioxide, may be 
prepared and used for this experiment ; and the gas, after its 
passage through the red-hot copper oxide, passed into lime- 
water. The precipitate of calcium carbonate shows the produc- 
tion of carbon dioxide from the reaction of the monoxide and 
copper oxide on each other. 

The following equation shows the chemical change which 
occurs during this experiment : — 

CuO + CO = Cu + Co ? 

Copper oxide. Carbon monoxide. Copper. Carbon dioxide, 

115. Composition. — The composition of carbon mon- 
oxide is determined by explosion with excess of oxygen 
in the eudiometer ; the volume of the monoxide and of 
the oxygen are observed. After the explosion potassium 
hydrate is introduced ; the diminution in volume represents 
the carbon dioxide formed which is absorbed. From these 
data the composition of the monoxide is readily deduced. 
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Summary. 

There are two oxides of carbon — carbon monoxide and 
dioxide. 

Carbon dioxide occurs in the atmosphere and in combination 
with lime in limestone ; may be prepared by heating limestone, 
or more conveniently by the action of an acid, as hydrochloric 
It is a colourless gas, with a very faint odour and taste ; may 
be condensed by ]>n's-::te ; is soluble in water ; is half as heavy 
again as air ; hence m.»y be poured from vessel to vessel ; re- 
mains for a long nnie In the bottom of brewers' vats, &c. j is 
non-inflammable and a non-supporter of combustion of most 
substances, but allows certain metals, as potassium and mag- 
nesium, to bum in il The solution of the gas is slightly acid to 
litmus i it forms a series of important salts, which are readily 
decomposed by a stronger acid. All the carbonates are in- 
soluble in water except those of the alkalies ; certain others 
form soluble bicarbonates with excess of carbon dioxide ; lime 
exists in this form in most hard waters. Carbon dioxide con- 
tains its own volume of oxygen. 

Carbon monoxide is formed in the burning of coke by the 
deoxidation of carbon dioxide ; the same change occurs if 
carbon dioxide is passed over red-hot charcoal in an iron tube. 
The gas is more generally prepared by the action of sulphuric 
acid on some organic bodies, as oxalic or formic acids, or potas- 
sium ferrocyanide. 

Carbon monoxide is a colourless gas with a faint oppressive 
odour ; is very poisonous ; slightly soluble in water. It is 
inflammable and a non-supporter of combustion ; it is devoid 
of acid properties. Carbon monoxide is a powerful reducing 
agent Its composition is ascertained by explosion in the 
eudiometer. 

Laboratory Hints. 

A solution of crude caustic soda is conveniently kept for 
use in the laboratory ; the soda is very cheap, and the same 
solution can be used several times for such an experiment as 
No, 109. The solution which has been once used should not be 
replaced in the same bottle. 

:,,:,G00§R.' 
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CHAPTER XV. 

HYDROCARBONS AND COMBUSTION. 

Il6. Hydrocarbons. — The compounds of carbon with 
hydrogen are known as hydrocarbons, or hydrides of carbon. 
These bodies are exceedingly numerous, and as most of 
them are distinctly of organic origin, their study is usually 
undertaken as a part of organic rather than inorganic 
chemistry. Only the following simple and important 
hydrocarbons will receive attention in this work. — 

Harsh Gas, Light Carburotted Hydrogen, or 
Methyl Hydride CH,. 

Acetylene CjH 2 . 

Oleflant Gas, Heavy Carburfitted Hydrogen, or 
Ethene C S H 4 . 

Marsh Gas, Methyl Hydride.— Formula, CH 4 . 
Molecular weight, 16*97. Density, 7'98. Specific 
gravity, 551. 



N / 

Graphio formula, 

' N 

H 



J 



117. Occurrence.— This gas is evolved during the 
decomposition of dead vegetable matter ; hence is found in 
marshy districts, and has thus received, its common name 
of marsh gas. On watching stagnant water bubbles of the 
gas may be seen to arise, and may be collected by inverting 
a gas jar, filled with water, in the pool. During the changes 
which have occurred, as coal has been formed from vege-; 
table growths, marsh gas has also been evolved, and has re ; 
mained imprisoned within cavities of the coal itself. As the 
coal is removed by the miner the gas escapes from these 
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cavities into the mine, and mixing with the air forms the 
explosive mixture which has been the cause of so many 
terrible colliery accidents. The collier knows this gas as 
' fire-damp.' 

1X8, Preparation.— Marsh gas may be prepared by 
heating together a mixture of sodium acetate and caustic 
soda, when the following reaction occurs :— 

NaCjHaOj + NaHO = NajCO, + CH 4 

Sodium Canitic Sodium Manh 

■wuie. wda. cuboiuta. gu. 

Experiment 1 14.— Arrange an iron tube closed at one end (a 
piece of inch gas-barrel) as a retort for the production of gas ; 
fitting a cork and delivery tube to the end remaining opca 
Introduce into this a mixture of two parts of sodium acetate 
with one of caustic soda. Apply heat and collect three jars of 
the evolved gas. 

119. Properties.— Marsh gas is a light colourless gas, 
and bis consequently received the name of light carburetted 
hydrogen. It is not a supporter of combustion, but bums 
with a non-luminous flame, something like that of hydrogen, 
but slightly tinged with yellow. Mixtures of either air or 
oxygen with this gas explode violently on ignitioa 

Experiment 115. — Apply a light to one of the jars of gas 
already prepared ; notice the nature of the name. When the 
combination is over add some lime-water and shake up ; the 
lime-water turns milky. Notice also that a film of moisture is 
deposited on the sides of the jar. Mix in a stout explosion-tube 
one volume of marsh gas with two volumes of oxygen and 
apply a light ; the mixture explodes. Repeat the experiment 
with a mixture of one volume of the gas with ten of air. Test 
the gas remaining in the bottle with lime-water for carbon 
dioxide. Pour the gas upwards from one jar into another and 
set light ; in this way observe that, like hydrogen, it is much 
lighter than air. 

The carbon dioxide remaining after the combustion or 
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explosion of marsh gas is known by the miner as ' choke-' 
or ' after- damp.' 

Until recently, marsh gas was viewed as a permanent 
gas, but, in common with hydrogen and other gases, has now 
been liquefied. 

120. Composition by Volume.— The composition of 
this gas may be ascertained by explosion with excess of 
oxygen in the eudiometer. If ten volumes of marsh gas be 
mixed with twenty-five volumes of oxygen there will be found 
after explosion, at a temperature above ioo° C, thirty-five 
volumes of gas. On cooling to normal temperature the 
volume of gas contracts to fifteen ; there must therefore 
have been present twenty volumes of water vapour. On 
introducing caustic potash a further absorption of ten 
volumes occurs, showing that ten volumes of carbon dioxide 
have been formed. The residual five volumes of gas are 
found on examination to be oxygen. One volume, therefore, 
of this gas requires for its combustion two volumes of oxy- 
gen, and produces one volume of carbon dioxide and two of 
water vapour. 

Remembering that by Avogadro's law the molecular 
volume of all gases is alike, and that the molecule of hydro- 
gen contains two atoms, then as two volumes of the gas 
yield two volumes of carbon dioxide, or one molecule yields 
a molecule of carbon dioxide, one molecule of marsh gas 
contains one atom of carbon. Again the two volumes of 
marsh gas produce four volumes of water vapour, that is, 
one molecule of marsh gas yields two molecules of water ; 
and as each molecule of water contains two atoms of 
hydrogen, the molecule of marsh gas contains four atoms of 
hydrogen, the formula must consequently be CH 4 . 

121. Composition by Weight— The composition by 

weight is ascertained by passing a known volume of marsh 
gas through a combustion tube containing red-hot copper 
oxide. Carbon dioxide and water are formed, and are 
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absorbed in weighed tubes containing respectively calcium 
chloride, which absorbs the water, and caustic potash, by 
which the carbon dioxide is retained. The increase in 
weight gives the amounts of these two bodies formed from 
the marsh gas. In an experiment a volume of CH 4 , equiva- 
lent to iooo c.c at N.T.P., was passed over red-hot copper 
oxide ; there were produced imSii gram of water and 1*965 
gram of C0 2 . From these data the composition of the gas 
is thus calculated : — 
Weight of 1000 c.c. =0-0896 x 7-98 (density)=o-7i5 gram. 

Weight of carbon =L9-5 — =0*536 gram. 

44 

Weight of hydrogen= - — " X ' - =0-179 gram. 

From these numbers the percentage composition may 
be calculated in the manner already explained. 

The simplest possible formula may be determined thus : — 

..5 3- = 0-044 ) Numbers in ratio of the 

\ number of atoms of 
—79= 0-179 J carbon and hydrogen. 

— il=i of C \ Lowest, number of 
°|° 44 [atoms of C and H 

2-I±2=4of Hlin the molecule. 
044 
The simplest possible formula of marsh gas must be from 
this experiment CH A . Whether or not this is the true mole- 
cular formula may be determined by calculating the density 
from the formula, CH,,. 

Dem * ty - MolecularWeight=C,i2 + H *.4=i6 _ a 

This number agrees with the density as determined by 
experiment ; and therefore CH 4 is the correct molecular 
formula. 

1 ;: : ,,Coo<;k 
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Acetylene. — Formula, C S H,. Molecular weight, 
25 04. Density, 12-07. Specific gravity, 0-896. 
Graphic formula, H — C — C — H. 

oo 

122. Occurrence. — Acetylene is produced during the 
combustion of many hydro-carbons in a limited supply of 
air. Thus, when a Bunsen burner lights at the bottom of 
the tube, acetylene is produced in considerable quantity. 

123. Preparation.— By the direct union of carbon and 
hydrogen at a high temperature acetylene may be formed. 
The most convenient method of thus preparing the gas is 
by passing a current of electricity, from a powerful voltaic 
battery, through two electrodes of carbon enclosed in a glass 
flask containing hydrogen. 

124. Properties. — Acetylene is a gas possessing a 
peculiar and disagreeable odour ; it is a non-supporter of 
combustion, and burns with a bright and luminous flame. 

125. Composition. — The composition, both by volume 
and by weight, of this gas may be ascertained in precisely 
the same manner as that of marsh gas. Acetylene consists 
of two volumes of carbon combined in the molecule with 
two of hydrogen, and therefore has the formula CjHj. 

Ethylene, Ethene, Olefiant Gas, or Heavy Car- 
buretted Hydrogen. — Formula, C,H 4 . Molecular 
weight, 2394. Density, 1397. Speoiflo gravity, 
0965. 

H H 

Graphic formula, C=C 

H 7 \ 

126. Occurrence. — This gas is one of the most import- 
ant constitutents of coal-gas, being formed when the coal 
is subjected to destructive distillation. 

>, Google 
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127. Preparation. — Ethylene is most readily prepared 
by the action of concentrated sulphuric acid on alcohol, 
when the acid abstracts the elements of water from the 
alcohol. 

C t H s HO = C a H< + H a O 

Alcohol. Ethylene. Water. 

Experiment 1 16. — Mix in a large flask, fitted with a delivery- 
tuhe, one part of alcohol with five parts of concentrated sulphuric 
acid,andwarm gently. Ethylene is readily evolved, and maybe 
collected in jars over water. Collect two jars of the gas. 

128. Properties. — Ethylene bums readily with a bright 
luminous flame, evolving at the same time considerable 
quantities of smoke. The gas, on being mixed with air or 
oxygen, explodes violently. 

Experiment 117. — To one of the jars of gas already pre- 
pared apply a lighted taper ; notice the bright flame with 
which the gas bums. 

Mix in an explosion-tube one volume of ethylene with three 
volumes of oxygen and light ; the mixture violently explodes. 

Ethylene combines directly with chlorine to form an oily 
liquid of the composition C I H 1 Cl a . 

C a H, + Clj = CjH<Cl a 

Ethyl™. Chlorine. Ethylene dichloride. 

229. Composition. — The composition by volume of 
ethylene is determined by exploding the gas with excess of 
oxygen in a eudiometer. Thus if ten volumes of ethylene 
be taken and forty volumes of oxygen added there will be 
found after explosion, the temperature being maintained 
above ioo° C, fifty volumes of gas ; that is to say, the 
volume remains unaltered. On cooling, the volume con- 
tracts to thirty, showing that twenty volumes of water gas 
have been produced. The addition of caustic potash causes 
an absorption of twenty volumes, showing that that amount 
of carbon dioxide has been formed. The residual ten 
volumes of gas are found on testing to be oxygen. Two 
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volumes, therefore, of ethylene produce on combustion two 
volumes of carbon dioxide and two volumes of water. 
Applying, as in the case of marsh gas, Avogadro's law, one 
molecule of ethylene yields two molecules of carbon dioxide 
and two molecules of water ; therefore the molecule "of 
ethylene must contain two atoms of carbon and four of hydro- 
gen, and its formula must be C a H 4 . 

By passing a known volume of ethylene over red-hot 
copper oxide, and collecting and weighing the resultant 
water and carbon dioxide, the composition by weight may 
be determined. Thus 1,000 c.c. at N.T.P., having been 
thus treated, there will have been formed 1*609 gram of 
water and 3*934 gram of carbon dioxide. 

Weight of iooo c.c. = 0*0896 x 13*97 (density) = 
1-2517 gram. 

Weight of carbon = 3 934 _ I - -j 2 g gram, 

44 



Weight of hydrogen = 



1-6092 x 1 



The percentage composition may be readily calculated 
from these numbers. 

The simplest formula may be thus deduced : — 



1-0729 _ 



" 4 1 Numbers in ratio of the number of atoms 

0*1788 oa \ of carbon and hydrogen. 

— '— = 0*1788 J 

°'°894 _ I0f ci 

0*0894 I Lowest number of atoms of C and H in 

0*1788 , „ f the molecule. 

— '— = 2 of HI 

The simplest possible formula is therefore CH^. 
Whether or not this is the true molecular formula may be 
determined by calculating the density according to this 
formula :— 

>,GoogIe 
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Density = Molecular Weight = C, 12 + H, 2 = 14 =? _ 

But the density as determined by direct experiment is 
14; therefore the molecular formula must be just double 
CH a , that is to say, the molecule is represented by C 2 H 4 . 

130. Combustion of Marsh Gas, Acetylene, and 
Ethylene. — The combustion of these three bodies affords 
some interesting examples of the laws of combustion by 
volume. Subjoined are the molecular equations represent- 
ing the reactions which occur, together with those of some 
other examples of combustion already familiar to the student 
CH 4 + 20, = C0„ + 2H a 



2C 2 Hj + 50 a 


== 4C0, + 2H 2 


C a H, + 30 a 

Ethylene. Three vol 
One volume. 


= 2C0, + 2H,0 

mnes. Two volumes. Two yoluoif 


c + 


0, = CO, 



H a + a, = 2HC1 

Onevolunie. 

These equations show very clearly the relation which 
exists between the volumes of gases and the respective 
volumes of oxygen required for their combustion. They 
afford additional illustrations of the method of deducing 
these quantities from the molecular equations. As gaseous 
molecules are assumed (at the same temperature and 
pressure) to occupy the same space, it follows that the 
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number of molecules of any gas participating in a 
chemical change represents the number of volumes 
of the gas concerned. 

131. Nature Of Combustion. — Everyone is familiar 
with the general idea of combustion as an act of burning. 
We may now inquire a little more closely into what is under- 
Stood by this term. It has already been incidentally re- 
marked that heat is produced when combination occurs 
between two substances ; for instance, the addition of water 
to sulphuric acid causes a considerable elevation of tempera- 
ture, because the water and acid unite with each other. 
There are many other cases in which the heat evolved is 
much more intense, as, for example, when phosphorus com- 
bines with oxygen. Whenever the heat caused by 
chemical union is sufficiently intense to raise the 
resultant substances to a temperature at which they 
emit light, the act of union is termed ' combustion.' 
The term has gradually come to receive a somewhat wider 
application ; thus certain processes of decay, and also the 
chemical changes which produce animal heat, are cases of 
combination with oxygen. Such chemical actions are fre- 
quently termed instances of ' slow ' combustion. 

132. Inflammable Bodies and Supporters of 
Combustion, — The substances participating in the act of 
combustion are classified into inflammable bodies on the 
one hand, and supporters of combustion on the other. Thus, 
when hydrogen burns in oxygen, the hydrogen is said to be 
inflammable, and the oxygen a supporter of combustion. 
The terms combustible and supporter of combustion 
are, however, purely relative. We happen to live in 
an atmosphere of which oxygen is the active ingredient; 
when a jet of hydrogen is burned, what takes place is that 
at the orifice of the jet the hydrogen and the oxygen come 
in contact, and combination ensues. If the atmosphere con- 
sisted of hydrogen, then that element would be classified as 
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a supporter of combustion, and oxygen and similar bodies 
would be inflammable substances. Experiment readily de- 
monstrates that oxygen burns in an atmosphere of hydrogen. 
Experiment 118. — Fill a large globe, such as is used for the 
combustion of phosphorus in oxygen, with hydrogen gas : ar- 
range the globe with its mouth downwards in a retort- or other 
stand, covering the mouth with a glass plate. Fill a bladder or 
small gas-bag with oxygen and attach to it by india-rubber tubing 
a piece of glass tube with the end drawn out into a jet Place 
a weight on this bag and so arrange it as to produce a gentle 
stream of oxygen from the jet. Light the hydrogen at the mouth 
of the globe and steadily introduce the jet of oxygen. The oxygen 
will be ignited at the flame of the burning hydrogen, and as it is 
pushed up into the globe will continue to burn, showing clearly 
that oxygen bums in an atmosphere of hydrogen. The same 
experiment may be performed with coal-gas and air. 

It is seen, therefore, that for combustion to occur, con- 
tact of the two substances is necessary. It is a matter of 
indifference which of the two envelops the other. But 
oxygen being so widely distributed, and the essential consti- 
tuent of the atmosphere, it and like bodies are classified as 
supporters of combustion ; while hydrogen and bodies of 
similar character are termed inflammable. 

133. Explosion. — When two substances, the one in- 
flammable and the other a supporter of combustion, are 
intimately mixed with each other, on ignition combination 
occurswith extreme rapidity. The heat developed enormously 
increases the pressure of the gases produced as a result of the 
chemical action, and these give the surrounding air such a 
severe shock as to cause a loud detonation. Extremely 
rapid combustion, attended with more or less noise, 
is termed explosion. The mixture which thus explodes 
is termed an explosive body. If explosive mixtures be con- 
fined and then exploded, the resultant pressure may shatter 
the containing vessel. The explosive force of gunpowder is 
thus utilised for destroying large masses of rock. A hole is 
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bored in the rock, filled with the powder, and then ignited, 
with the result of shattering the rock into fragments. The 
great pressure exerted by exploding gunpowder is employed 
in guns for the purpose of propelling the bullet. Another 
interesting example of explosive force being utilised is that 
of the gas engine, in the cylinder of which a mixture of gas 
and air is caused to explode. The piston is driven forward 
by the force of the explosion. 

134. Heat of Combustion.— Not only do substances 
in burning give out heat, but the amount of heat evolved 
by the combustion (combination with oxygen) of a 
given weight of any substance ia always the same. 
Thus, whether the substance be burned slowly or rapidly, 
provided it is burned to the same products of combustion, 
the total amount of heat generated never varies. The fol- 
lowing table gives the number of heat units evolved by the 
combustion respectively in oxygen and chlorine of one 
gram of each substance. The student is reminded that a 
heat unit is the quantity of heat necessary to raise one gram 
of water from 0° to i° C. 

Heat developed during Combustion. 

In oxygen. In chlorine 



3,422 (?) 



Of these bodies hydrogen develops by far the greatest 
amount of heat on combustion, the next place being taken 
by carbon. Of the various compounds of carbon it will be 
observed that carbon monoxide, during its further combus- 

:,,G00>ik' 



Hydrogen , 

Carbon 


34.462 
8,080 


Sulphur 
Phosphorus 

Carbon monoxide 


2,220 

5.747 
2,634 


Marsh gas . 
01 en ant gas 
Alcohol 


13.063 
11.942 
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tion to the dioxide, evolves a considerable quantity of heat. 
It will be of interest to compare the amount of heat evolved 
in the two stages of oxidation of carbon. As carbon mon- 
oxide contains, according to its formula, but f£ of its weight 
of carbon, it is evident that one gram of carbon would yield 
•?! gram of carbon monoxide, and, consequently, that one 
gram of carbon as monoxide would, in its further oxidation 
to carbon dioxide, evolve 

2634x28 = 6146 heat units. 

But the total number of heat units evolved by the complete 
combustion of carbon is only 8080. Therefore one gram 
of carbon evolves in oxidation to the monoxide 

8080—6146=1934 heat units, 
and during further oxidation to the dioxide, 6146 heat units. 
The student is already aware that when the carbon dioxide 
formed in a fire of carbon passes upwards through red-hot 
carbon, it is reduced to the monoxide, which in its turn 
burns on the upper surface of the fire, where there is free 
access to air. Whenever carbon is burned with a limited 
supply of oxygen, as where a draught of air is drawn through 
a furnace containing large quantities of coke or other form 
of carbon, the monoxide is the chief product of combustion. 
This cannot burn until it reaches the air, and accordingly 
in the older forms of furnace used in metallurgical opera- 
tions, particularly the blast furnace used for the smelting of 
iron ores, enormous quantities of carbon monoxide were 
formed and allowed to burn to waste on the tops of the 
furnaces. The value of this gas as a fuel is now recognised, 
and it is consequently drawn off from the upper part of the 
furnaces and utilised for heating purposes. 

135. Temperature of Combustion.— Although the 
absolute amount of heat produced by the combustion of a 
unit weight of hydrogen, for example, is always the same, 
yet the temperature produced may vary within wide limits. 

1 : ,«, Google 
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Thus, first of all, if within a given space, hydrogen is caused 
to burn in one instance at twice the rate of another, it follows 
that, as a greater number of units of heat are evolved in 
the same period of time, the temperature of that space will 
be raised proportionately higher. There are other causes 
which influence the temperature produced by combustion ; 
for example, a jet of hydrogen, which burns the same number 
of cubic feet per hour, produces a flame of much higher 
temperature when it bums in oxygen than it does when 
burning in air. If 2 grams of hydrogen are burned in oxy- 
gen, the heat evolved has to raise the temperature of the 
18 grams of water produced. But if the oxygen is obtained 
from air, then not only have there to be heated the 16 grams 
of oxygen, but also the 53-5 grams of nitrogen with which it 
is mixed. The same number of units of heat are in the one 
case spread over 18 grams; in the other over i8+53'5=7i"5 
grams of gaseous matter'; it follows that the temperature in 
the first instance must be very much higher than in the 
second. 

136. Oxyhydrogren Blowpipe.— This instrument is 
a contrivance for utilising to the fullest extent the heating 
power of a flame of hydrogen fed with oxygen. The blow- 
pipe consists of a platinum jet, leading fromasmall chamber, 
into which enter two pipes connected with gas bags or other 
vessels containing respectively hydrogen and oxygen under 
pressure. By means of a tap, hydrogen is first turned on 
and then lighted. In the next place the oxygen tap is also 
gradually opened, and there emerges from the jet a mixture 
of hydrogen and oxygen ; the flame becomes smaller, and 
is scarcely more luminous than the ordinary flame of hydro- 
gen itself. By means of this blowpipe, platinum and other 
most refractory substances may be reduced to the liquid 
state. 

137. Luminosity of Flame. — The student will pro- 
bably think it strange that, although the temperature' of the 
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flame of hydrogen burning in oxygen is the highest due to 
combustion yet the flame is almost absolutely devoid of 
luminosity. The reason is that gases — and especially those 
of low density — radiate very little light even when intensely 
hot, while solids at a much lower temperature emit light 
most abundantly. This is strikingly illustrated by inserting 
some solid substance in the oxyhydrogen flame ; if the flame 
from the oxyhydrogen blowpipe is caused to impinge on a 
piece of lime, the light emitted is one of the most intense 
known, and constitutes the well-known lime-light. It is here 
the solid substance which radiates so much light, although 
its temperature must be lower than that of the oxyhydrogen 
flame by which it is heated. 

The various inflammable hydrocarbons bum with differ- 
ent degrees of luminosity ; marsh gas and alcohol emit but 
very little light ; defiant gas, on the other hand, burns with 
a very luminous and smoky flame. As a general rule, the 
heavier hydrocarbons produce more light in burning than 
those which are less dense. During the combustion of such 
a body as defiant gas, the hydrogen, being more inflam- 
mable, seizes first hold of the oxygen, and more or less 
of the carbon is liberated either in the free State or else 
as vapour of exceedingly dense hydrocarbons. The finely 
divided particles of carbon or dense hydrocarbons, as the 
case may be, are heated by the burning hydrogen and by 
abundantly emitting light impart luminosity to the flame. 

138. Structure of Flame.— The actual structure of 
a flame may be studied by observing a jet of coal gas burn- 
ing from the end of a round pipe, such as a in Fig. 29. In 
the interior of the flame there is a jet of unburnt gas, 
marked a, a in the figure, and appearing black by contrast 
with the surrounding brighter portions of the flame, by 
which it is enveloped. This bright or luminous zox\t,f, e, g, 
is that portion of the flame in which combustion of the 
hydrogen is proceeding, the unbuvnt carbon being thereby 
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heated to the point at which it emits light In such a burner 
as is figured, there will be seen ascending from the upper 
portion of this zone a stream of smoke, consisting of carbon, 
Fie. 19. which altogether escapes combustion. Outside 
f,e,g there may be distinguished another envelope, 
b, c, d, scarcely at all luminous, and much resem- 
bling the flame of burning hydrogen. This outer 
zone is that in which there is an ample supply of 
atmospheric oxygen, and consequently complete 
combustion : this is the hottest part of the flame, 
although the absence of solid particles causes it to 
be almost non-luminous. 

The same divisions of the flame occur in a 
candle j only in that case the dark interior portion 
consists of the solid matters of the candle, first 
melted, then drawn up into the heart of the flame 
by the capillary attraction of the wick, and finally vaporised 
by the heat of the flame- 

139. Bunsen's Gas Burner. — When a gas flame is 
required for heating purposes only, it is desirable to attain 
the most perfect combustion possible. This end is accom- 
plished by causing an admixture of air with the gas before it 
is burned. The gas burner invented by Bunsen is familiar 
to every chemical student Examination shows that at the 
bottom of the upright tube are two or more holes communi- 
cating with the air ; on unscrewing this tube a small jet is 
seen within, from which the gas emerges. The air-holes 
may be wholly or partly closed by turning a ring which is 
fixed around them. 

Exptriment 1 19.— Take a Bunsen burner and examine its 
construction ; close the air-holes and light the burner. Place 
over it on a tripod stand a flask or other vessel containing a 
measured quantity of cold water ; observe the length of time 
before it boils ; notice also that the bottom of the flask becomes 
covered with soot 
'", ' Look .at the flame and notice that the gas is evidently es- 
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caping but slowly from the top of the burner ; the flame is blown 
about readily by the most gentle air-currents. Holding the 
burner in the hand, turn it over in a horizontal position, the 
flame still remains vertical. Next slowly open the air-holes 
until the whole of the flame has acquired the pale blue tint of 
perfect combustion. Notice that a much more rapid current of 
gases emerges from the tube ; the flame is very little affected by 
gentle air-currents ; turn the burner over into the horizontal 
position ; the flame also lies horizontally. Take a piece of 
smouldering tinder and hold it near the air-holes ; the smoke is 
drawn in, showing that a current of air is entering. All these 
observations go to prove that the gas draws air up with it, and 
that a mixture of the two burns at the top of the tube. 

Again place over the burner the flask of cold water, and with 
the conditions the same as before, except that air is being ad- 
mitted, observe the length of time necessary to cause the water 
to boiL The boiling-point is reached in less time, and the 
flame is entirely smokeless, not causing the slightest mark of 
soot on the flask. 

140. Blowpipe Flame. — The effect of converting a 
luminous flame into one devoid of light, but possessing con- 
siderable heating powers, is also obtained by blowing a 
current of air from a jet into the flame. The instrument 
employed for this purpose is termed a blowpipe, and is de- 
scribed at length in the analytic section of this work. 

141. Lamp Chimneys.— The effect of the lamp 
chimney of a petroleum or Argand gas lamp is apparently 
just the opposite of that produced by the Bunsen burner. 
If either of these be lighted, it bums with a dull, smoky 
flame, but on fixing the chimney the flame becomes smoke- 
less and much more luminous. The first result of the action 
of the chimney is to draw a current of air up around the 
flame (in the case of the Argand through the interior as 
well as the exterior). That this produces greater brightness 
is at first sight contradictory to what has already been seen 
of the effects of air in the Bunsen burner. But with the 
lamp chimney the air is drawn up, not into the flame, but 
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surrounding it ; the effect of this is more complete and in- 
tense combustion in the outside zone of the flame ; conse- 
quently the luminous envelope is heated more intensely 
and emits more light. The brisker current of air causes 
also the complete consumption of the smoke. If the current 
of air be too rapid, the brightness of the flame is thereby 
diminished, for with excess of air the envelope of complete 
combustion is unduly enlarged at the expense of that of 
luminosity ; the flame, in fact, partakes more or less of the 
character of that of the Bunsen. That in some cases the 
chimney causes too great a draught may be readily seen by 
partly closing the top by placing on it a small piece of tin- 
plate. This lessens the draught, and very frequently causes 
the flame to increase in size and emit more light. 

Summary. 

The compounds of hydrogen with carbon are very numerous. 
Marsh gas, acetylene, and olefiant gas are the simplest. 

Marsh gas occurs as a product of decomposition of vegetable 
matter ; maybe prepared by healing sodium acetate and caustic 
soda. The gas is of low density, colourless, inflammable, non- 
supporter of combustion, and produces carbon dioxide and water 
on burning. Composition is determined by explosion with 
oxygen in the eudiometer, and by passage over red-hot copper 

Acetylene is formed when hydrocarbons are burned with 
limited supply of air, and also by direct union at high tempera- 
tures of carbon and hydrogen. The gas is colourless, possesses 
a peculiar odour, is inflammable, and a non-supporter of com- 
bustion. Composition is determined in a similar way to that of 
marsh gas. 

Ethylene occurs as an important constituent of coal gas ; is 
prepared by heating alcohol with sulphuric acid. Possesses a 
pleasant odour, is inflammable, and a non-supporter of combus- 
tion. Composition ascertained in a similar way to that of marsh 
gas. 

These three gases require different volumes of oxygen for 
their combustion ; this is seen by studying their formula;. 
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Nature of combustion, inflammable bodies, and supporters 
of combustion: these terms relative. Nature of explosion, quan- 
tity of heat produced by combustion, temperature of combustion, 
oxyhydrogen blowpipe, luminosity of flame due to solid par- 
ticles. Structure of flame effect of air as shown in Bunsen 
burner and use of lamp chimneys. 



Laboratory Hints. 

It is possible to use a glass flask for Experiment 114, but the 
heat is extremely likely to crack it 

In heating sulphuric acid and alcohol together, great care 
must be taken to avoid the alcohol taking fire. The flask used 
should be capacious, as the mixture froths. 

In Experiment 118 take care that the hydrogen and oxygen 
used are pure, otherwise there is a risk of explosion. 



CHAPTER XVI. 

NITROGEN AND THE ATMOSPHERE. 

Nitrogen.— Symbol, N. Atomio weight, 14-01. 
Density, 1401. Specific gravity, 0971. Molecular 
weight, 38-02. Molecular volume, f £ 1- 

142. Occurrence.— Nitrogen exists in the free state in 
the atmosphere, in combination with oxygen and metals in 
certain native nitrates, and also is an essential constituent of 
many organic compounds. 

143. Preparation. — There are several methods of pre- 
paring this gas, based on the removal of oxygen from the air 
by bodies having an affinity for that element ; hut in order 
that nitrogen only shall remain, it is necessary that the sub- 
stance used be such that the resulting body can be easily 
separated from the gas. Phosphorus is very convenient 
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lor this purpose, as the solid pentoxide produced is very 
soluble in water. 

Experiment 12a — Procure an upright deflagrating spoon on 
stand ; place in it a small 
piece of dried phosphorus ; 
stand the spoon in the pneu-' 
matic trough with water ; 
ignite the phosphorus and 
immediately invert over it a 
gas jar: at first afew bubbles 
of air escape, owing to their 
7 being expanded by heat ; 
the phosphorus soon ceases 
to bum ; the fumes are dis- 
solved by the water, and rather less than four-fifths of the original 
volume of gas remains : the loss is mostly oxygen, but there is 
in addition that resulting from the escape due to expansion. 

A more accurate measurement may be made by remov- 
ing the oxygen by the slow oxidation of phosphorus, which 
goes on at ordinary temperatures. 

Experiment 121. — Take a piece of phosphorus about an inch 
long, and scrape off the oxide from it, holding it all the while 
under water ; fix this in the spoon and proceed exactly as 
before, except that the phosphorus is not lighted. If only a 
small piece is used, the phosphorus pentoxide first formed ab- 
sorbs water, and so the whole piece, if it lie below the level of 
the top of the spoon, may be covered and prevented from under- 
going further oxidation. At the end of from two or three days 
to a week observe and mark how far the water has ascended. 
Ascertain what proportion the whole contents of the jar bears 
to the gas remaining ; this is easily done by filling the jar with 
water and pouring it out into the graduated measure, then in 
the same way measuring its contents when filled to the mark 
indicating the absorption of oxygen. As the combination goes 
on in this case without any sudden heat, there is no loss by 
expansion. 

By experiment it is also easy to demonstrate that the 
phosphorus, in the act of oxidation, gains in weight. 
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Experiment 122. — Select a light Bohemian globular flask, 
about 3 inches in diameter, and lit it with a good cork. To 
this cork fit two tubes, as in Fig. 31. The tube a must be 
bent and reach to the bottom of the flask ; it may be very small ; 
the second tube b must be of thin glass, and should be about 
four inches long and half-inch bore. Let its lower end protrude 
about an inch through the cork. Pack this tube with glass wool. 
Also pass through the cork a deflagrating 
spoon, c. This should reach as close to the Fie ' **■ 

bottom as possible. Fig. 31 shows the ap- 
paratus fitted up. Blow through a in order 
to see that air passes readily through b in 
the complete apparatus. Have also in readi- 
ness a gas-bag containing air. Thoroughly 
dry a piece of phosphorus and place it in the 
deflagrating spoon. Weigh the whole appa- 
ratus as accurately as possible and note the 
weight. Lift out the deflagrating spoon, light 
the phosphorus, and immediately replace it 
Connect up the tube a with the air-bag. At 
first the phosphorus bums brightly, but soon 
the flame grows dim, through exhaustion of 
the oxygen in the air ; at this stage pass a 
gentle current of air from the bag through a until the phos- 
phorus is entirely burned. The nitrogen escapes through b, the 
phosphorus pentoxide being retained by the glass wooL When 
the apparatus is cool, again weigh. The experiment being 
properly performed, the increase of weight is due to the oxida- 
tion of the phosphorus. 

The oxygen may also be removed by the action of 
metallic copper. If an iron tube be filled with copper 
turnings, and made red hot in a furnace, the copper imme- 
diately combines with the oxygen of any air which may be 
passed through, leaving the nitrogen — 




2Cu 



O a = 2CuO 

Oxygen. Copper oxide. 



Iron, likewise, removes the oxygen from air, especially if 
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it be caused to oxidise more readily by the addition of some 
ammonium chloride. 

Experiment 123. — Introduce into a gas jar some iron bor- 
ings, moistened with a strong solution of ammonium chloride 
(sal-ammoniac), and closely stop the jar with a glass plate or 
accurately fitting cork. Let it remain until the filings have 
rusted, then test the residual gas with a taper. It immediately 
extinguishes it, giving all the reactions of nitrogen. 

There are several other methods of preparing nitrogen 
which are interesting from a theoretical point of view. For 
instance, the gas is evolved by passing chlorine into an ex> 
cess of ammonia. The hydrogen and chlorine unite, and 
nitrogen is liberated. 

2NH S + SO, = 6HC1 + N a 

CMo.ine. Hydrochloric acid. Nitrogen. 



A secondary reaction goes on between the acid formed 
and the excess of ammonia ; thus — 

6NHj + 6HC1 = 6NH 4 C1 

Ammonia. Hydrochloric acid. Ammonium chloride. 

The two equations may be grouped into one ; thus — 



Experiment 124. — Prepare a flask for the evolution 
chlorine ; arrange a second flask as a wash-bottle with the 
delivery tube very wide, and place in it two or three ounc 
strongest solution of ammonia ; connect to the chlorine flask, 
and to the delivery tube of the wash-bottle attach a large dia- 
meter piece of tubing leading into the pneumatic trough. Heal 
the chlorine mixture ; as each bubble passes into the amir 
dense white fumes of ammonium chloride are produced ; a wide 
leading tube is used, because a narrow one might be choked by 
accumulation of this salt. Considerable heat is evolved, and 
the action is so intense that flashes of light accompany the 
combination of the chlorine and hydrogen. Collect one small 
jar only of the nitrogen which passes over, and apply a lighted 
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taper : the light is extinguished, and the gas does not take fire. 
Unless strict attention be paid to the laboratory hints at the 
end of the chapter, this experiment becomes dangerous. 

Another interesting method of preparing nitrogen is by 
the action of heat on the salt known as ammonium nitrite. 
This contains oxygen and hydrogen in the proportions neces- 
sary to form water : they combine and nitrogen is liberated. 
NH 4 NO» = 2H,0 + N s 

Ammonium nitrite. Water. Nitrogen. 

It is usual to prepare the ammonium nitrite at the time 
of the experiment, that body being somewhat unstable. 
Ammonium chloride being added to potassium nitrite, the 
following decomposition takes place : — 

KNO a + NH 4 C1 = NH 4 N0 3 + KC1 

Potassium Ammonium Ammonium Potassium 

nitrite. chloride. nitrite. chloride. 

Experiment 125. — Take a four-ounce flask fitted with a cork, 
through which passes a single leading tube ; put in about a 
quarter of an ounce of potassium nitrite and an ounce of saturated 
solution of ammonium chloride in water ; arrange a jar for the 
collection of the gas, and apply heat ; the nitrogen comes over 
readily. The potassium chloride remains unaltered in the flask. 
Again test the gas by placing in it a lighted taper ; also intro- 
duce some litmus paper : notice that the gas is neutral 

144. Properties.— Nitrogen differs remarkably in pro- 
perties from oxygen, with which it is associated in the 
atmosphere. The one is specially characterised by its great 
chemical activity ; the other is most inactive. It is a 
colourless, odourless, neutral, and tasteless gas, which is 
neither inflammable nor a supporter of combustion. It is 
not poisonous, but is unable to support life. Animals 
placed in it speedily die through suffocation. By the action 
of intense heat it may be caused to combine with oxygen, to 
form a ruddy-coloured gas, nitrogen peroxide, NO a , which, 
by uniting with more oxygen and water, produces nitric acid. 
Small quantities of nitric acid are thus produced in the 

■ .Google 



170 Text-Book of Inorganic Chemistry 

atmosphere by lightning discharges. The effect may be imi- 
tated on the small scale by passing a series of sparks from 
an induction coil through moist air contained in a small glass 
globe. The air assumes a faint red tint, and litmus paper 
placed in the globe shows that it possesses an acid reaction. 
Experiment 126. — Procure a globe properly prepared with 
platinum wires through the sides ; introduce a piece of moistened 
blue litmus paper ; cork up the vessel and pass through it for 
about ten minutes a current of sparks from the induction coil ; 
notice that the effects described above are produced. 

Nitrogen is but slightly soluble in water : 100 volumes at 
o° C. dissolve but 1-48 volumes of this gas. 

The Atmosphere. — A gaseous mixture. Density, 
1447. Specific gravity, TOO. 

14.5. Occurrence. — This gaseous body, which envelops 
the earth, is of vast importance to us who live and breathe 
in it. Its existence is demonstrated whenever it is set in 
rapid motion, as we then have winds ; and these when suffi- 
ciently violent produce well-known and striking physical 
effects. That air among the other properties of matter pos- 
sesses weight is capable of easy demonstration by experiment. 

Experiment 127. — Procure a strong flask such as is sold by 
the instrument makers for the experiment ; screw it down to 
the air-pump and exhaust the air as completely as possible. 
Weigh the exhausted flask as accurately as you can. Then 
open the stop-cock ; allow it to fill v.-ith air and again weigh. 
The increase in weight is due to the air which has thus entered 
the flask. 

146. Composition. — The composition of the atmo- 
sphere has been made the subject of many careful experi- 
ments, which show it to be a mixture of nitrogen and oxygen 
approximately in the proportion of four to one. A rough 
kind of analysis of air has been already made by the student, 
the oxygen being removed by phosphorus. In addition to 
these two elements there are also present varying quantities 
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of aqueous vapour, carbon dioxide, ammonia, nitric acid, 
and traces of other bodies. Its average composition is 
shown in the following table : — 



Oxygen 


2o'6i 


Nitrogen . . . 


77*95 


Carbon dioxide . 


0-04 


Aqueous vapour. 


1-40 


Nitric acid . 


) 


Ammonia . 


iTrac 


Carburetted hydrogen. 


J 


In (Sulphuretted hydrogen 


I 


towns (Sulphur dioxide ■ 


) " 



The proportion of nitrogen to oxygen in air is remark- 
ably constant, bat little variation from the above being found 
in air collected in the most varied localities ; still slight but 
marked differences are observed in samples collected from 
different sources. The results of careful analyses of air, 
freed from carbon dioxide and aqueous vapour, give the fol- 
lowing average composition : — 



Nitrogen 
Oxygen . 



79-19 



7699 



The composition by volume may be determined by using 
a eudiometer tube similar to that used in Experiment 57, 
Fig. 18, for showing the production of water by the union 
of oxygen and hydrogen. A measured quantity of air is 
placed in the eudiometer, and hydrogen added in excess of 
that necessary to combine with the whole of the oxygen 
present ; on the passage of a spark, union of the hydrogen 
and oxygen is effected, and on the gas regaining its original 
temperature, the volume is found to be much less. As water 
is composed of two volumes of hydrogen to one of oxygen 
the amount of oxygen present in the gaseous mixture is 
one third of the diminution observed. The eudiometer 
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employed for this pupose should be graduated. Supposing 
that 10 c.c. of air have been introduced and 5 c.c of 
hydrogen added; after the explosion the volume will be 
found to be reduced from 15 to about 9 c.c ; 10 cc. of air 
therefore contain approximately _= 2 c.c. of oxygen, the 

more accurate figures being those given above. 

The composition by weight is ascertained by passing air 
over red-hot copper, due precautions being taken to avoid 
error. The copper is placed in a piece of difficultly fusible 
glass tubing, with which it is weighed ; an exhausted receiver 
is also weighed and attached to one end of this tube ; the 
other is connected with U tubes filled with caustic potash 
and sulphuric acid respectively, for the purpose of removing 
carbon dioxide and water. The glass tubing is raised to red 
heat, the stop-cock of the receiver is opened, and a slow 
current of air passes over the copper ; its oxygen is removed 
and nitrogen only passes into the empty receiver. The gain 
in weight of the copper represents the weight of oxygen, and 
that of the receiver the weight of nitrogen. 

147. Air a Mixture.— That air is a mixture and not a 
compound may be proved in many ways ; in the first place 
the oxygen and nitrogen are not present in any simple mul- 
tiple of their atomic weights, which is a necessity in all 
compounds. Air also differs remarkably from those com- 
pounds of the two elements with which chemists are ac- 
quainted. If a mixture be made of nitrogen and oxygen in 
the proportion in which they exist in air, no alteration of 
volume takes place, neither is there any increase of tempera, 
ture ; the mixture exhibits all the properties of air. 

Experiment 128. — Mix in a gas jar in the pneumatic trough 
four volumes of nitrogen with one of oxygen ; introduce a 
lighted taper : it continues to burn exactly the same as in air. 

The most conclusive evidence of their being mixed, and 
not combined, is that they may be separated by the action 
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of water as a solvent Oxygen is more soluble than nitrogen, 
and if water, which has been previously freed from gases by 
boiling be shaken up with air, and then again boiled, the 
expelled gas is found on analysis to be much richer in 
oxygen than was the air, the oxygen amounting to about 
34 per cent, of the dissolved gases. 

It will be interesting here to note the difference between 
air on the one hand and water on the other. In air the two 
most important constituents are not present in the same 
absolutely unvarying proportion. On oxygen and nitrogen 
being mixed in the same proportions as they exist in air, no 
alteration in volume occurs, and the mixture exhibits pro- 
perties which are a mean of those of the two ingredients. 
Further they may be separated by the action of water as a 
solvent 

With water the hydrogen and oxygen are always present 
in absolutely unvarying proportions. When these gases are 
mixed and a light applied a violent explosion occurs ; the 
water produced condenses to a liquid possessing properties 
altogether different from those of its constituents. The explan- 
ation is that air is a mixture, and water a chemical compound. 

148. Functions of Atmospheric Carbon Diox- 
ide. — It has already in Chapter XIII. been pointed out that 
carbon dioxide is present in air, and that the breathing of 
animals and the burning of carbonaceous bodies are con- 
tinually supplying this gas ; although this operation is pro- 
ceeding without intermission, the quantity of carbon dioxide 
present in the atmosphere remains remarkably constant. 
Its amount varies betweeen 3 and 6 parts in 10,000 accord- 
ing to the locality where, and time when, the gas is collected. 
This quantity, though small, is of vast importance to the 
vegetable kingdom, as it is the source from which all organic 
carbon is derived in nature. Animals can only assimilate 
carbon from previously existing organic compounds. Vege- 
tables decompose carbon dioxide using the carbon in the 
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formation of their tissues, and liberating the oxygen in the 
free state. 

Experiment 129. — Take a beaker some ten or twelve inches 
high and arrange in it some sprigs of fresh mint or some other 
quickly growing plant, immediately after being cut ; or prefer- 
ably pulled up with the roots attached. In this latter case, 
first wash the roots in a gentle stream of water. Fill the 
beaker with water through which washed carbon dioxide gas has 
been passed to saturation. Fix an inverted funnel over the 
sprigs of mint, so that the top of the funnel is entirely sub- 
merged. Fill a test-tube with water, and place it over the 
funnel, so as to retain any gas that may be given off. Place the 
whole apparatus in direct sunlight The growing mint decom- 
poses the carbon dioxide dissolved in the water, the oxygen 
which escapes is caught as it rises by the funnel, and collects in 
the test-tube. After some hours, test the evolved gas with a 
glowing splinter ; it gives the reaction of oxygen. 

The effects, therefore, of animal and vegetable life on 
the atmosphere are opposite in character : the one removes 
oxygen and returns carbon dioxide, the other decomposes 
this compound, and again yields oxygen to the air (this 
return action is, however, partially balanced by the ordinary 
progress of decay); these two processes going on simulta- 
neously keep the proportion of carbon dioxide in air within 
constant limits. The decomposition of certain rock-forming 
minerals, as felspar, by the action of the carbon dioxide of 
the atmosphere, which combines with the bases that they 
contain, is another important drain on the amount of that 
gas present in air. 

149. Other Constituents. — The amount of aqueous 
vapour which the atmosphere contains varies considerably ; 
but it is always present in more or less quantity. Its pre- 
sence may be demonstrated by bringing a vessel of ice-cold 
water into a room : the aqueous vapour condenses on the 
outside as a film of moisture. 
, . Ammonia is only found in air jn minute traces. These, 
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however, are important, as from them plants obtain a great 
proportion of their nitrogen. 

Summary. 

Nitrogen exists in the free state in the atmosphere, and is 
also found in nitrates and different organic bodies. It is pre- 
pared either by the removal of oxygen from the air by the 
action of phosphorus or copper, or by the decomposition of 
bodies containing nitrogen, as ammonium nitrate and ammonia. 
Nitrogen is a colourless, odourless, and tasteless gas ; is neither 
inflammable nor a supporter of combustion ; is neutral to litmus 
paper ; by great heat may be made to combine with oxygen 
forming acid compounds. 

The atmosphere is a mixture of nitrogen and oxygen, with 
small quantities of other compounds present. Its composition 
is determined by explosion with hydrogen and other methods. 
Air is a mixture, proved by different solubility of the two gases 

Carbon dioxide is produced by the breathing of animals 
and burning of substances containing carbon. The same gas is 
removed by the action of vegetable life and oxygen restored to 
the air. 

The ammonia present in air supplies nitrogen to plants. 

Laboratory Hints. 
In preparing nitrogen by the action of chlorine or ammonia, 
strict attention must be paid to the directions always to have 
excess of ammonia : see accordingly that the solution used is 
the strongest, of specific gravity 088, and not the dilute solution 
employed in the laboratory for analytical purposes. Prepare 
but one jar of the gas by this method. These precautions are 
necessary because with excess of chlorine a most violently ex- 
plosive compound of nitrogen and chlorine is formed. The 
wide leading tube is also an essential. The glass globe with 
platinum wires passed through, used in Experiment 126, should 
be obtained from the general apparatus of the laboratory ; they 
can be bought of any apparatus dealer ; the form sold is, how- 
ever, somewhat fragile, and not well suited for the rough usage 
of a laboratory. One may be easily prepared by taking a three 
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or four ounce wide-mouthed bottle, fitting it with a cork through 
which is passed two pieces of quill glass tubing in which plati- 
num wires are fused. The ends of the wires should be about 
an eighth of an inch apart, and reach to the middle of the bottle : 
the glass tubes are to be filled with mercury j the connection 
with the coil is made by dipping the clean ends of the leading 
wires underneath its surface. The cork should be soaked in 
melted paraffin. The apparatus as thus constructed bears some 
resemblance to that described for the electrolysis of water in 
Experiment 54, Fig. 14. Remember when the cork is taken out 
of the bottle to so place it that the mercury does not run out of 
the tubes. 



CHAPTER XVII. 

AMMONIA. 



Formula, HH,, Molecular -weight, 17*01. Den- 
sity, 8-5. Specific gravity, 0'58. 

r\ / H 

Graphic formula, f / N C H 

150. Occurrence. — This, the only compound of nitro- 
gen and hydrogen known in the free state, exists in small 
quantities in the atmosphere, and also in rain-water. It is 
probably a resultant product of the oxidation of different 
organic substances in the presence of moist air. The 
oxygen of the water acts as the oxidising agent, and the 
nascent hydrogen combines with nitrogen to form small 
quantities of ammonia It is produced in considerable 
quantity in the decomposition of animal and vegetable 
bodies which contain nitrogen. The urine and excreta of 
animals contain refuse nitrogenous matter. This after a 
time becomes changed into ammonia, and thus causes these 
substances to be such valuable manures, as plants are in- 
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capable of assimilating nitrogen while free, but are able to 
do so when that element is presented to them as ammonia. 

The name ammonia is derived from that of Jupiter 
Amnion, because near a temple dedicated to him the Arabs 
extracted one of its compounds from camel's dung. If 
quills, horn, hair, &c, be heated in a closed vessel, various 
gases are evolved, among which ammonia is always present. 

Experiment 130. — Heat in a test-tube some hair or quill 
cuttings ; place a piece of red litmus paper in the condensed 
moisture in the upper part of the tube : it is turned blue. 

Coal contains about 2 per cent of nitrogen, and in like 
manner evolves ammonia when heated. As this substance 
is subjected to destructive distillation on the large scale in 
the manufacture of coal gas, it affords a cheap and plentiful 
source of ammonia. The ammonia passes over with the 
gas, and is dissolved by the condensed moisture. This con- 
stitutes the gas or ammoniacal liquor of the works. From 
this ammoniacal salts are prepared by the addition of acids. 

151. Preparation. — Nitrogen and hydrogen do not 
unite readily, but may be caused to do so by passing a series 
of electric sparks from an induction coil through a mixture 
of the two gases. It is not possible in this way to cause 
the union of the whole of the nitrogen and hydrogen present 
unless the ammonia is removed as rapidly as formed, be- 
cause as soon as a considerable proportion of ammonia is 
present the heat of the sparks once more causes its decom- 
position into free nitrogen and hydrogen. The ammonia 
may be removed in this experiment by causing the reaction 
to take place over a solution of hydrochloric acid, which 
combines with the ammonia to form ammonium chloride. 

Ammonia may be prepared from any of the ammoniacal 
salts by heating with a stronger base, as lime or soda. Of 
these lime is preferred because of its cheapness. If ammo- 
nium chloride and lime be heated together, the following 
reaction takes place : — 
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2NH<a 


+ 


CaO 


= 


CaCl 3 


+ 


H ; 


+ 


2NH 3 


Ammonium 




Quicklime. 




Cslctum 




Wa.tr. 




Ammodia. 



Experiment 131.— Fit to an eight-ounce flask a cork with 
single delivery tube, to which is attached, by means of a 
moderately long piece of india-rubber tubing, a glass tube about 
a foot in length. The flask, tubing, and all other apparatus must 
be perfectly dry. Dry separately some powdered lime and 
ammonium chloride (sal-ammoniac) ; the lime may be dried by 
simply heating in a sand-bath ; to dry the ammonium chloride, 
place it in an evaporating basin and heat gently either in the 
sand-bath or on a piece of wire game over the Bunsen flame 



turned down very small ; the heat must not be sufficient to 
cause any fumes to be evolved. This may be set to dry before 
preparing the flask. They must be allowed to cool ; then take 
about half an ounce of the ammonium chloride and an ounce 
of the lime. The bath sand being cold, mix intimately in the 
mortar the chloride and about two-thirds of the lime ; notice 
that ammonia is given off by its smell ; pour the mixture into 
the flask, and then add the remaining lime in a layer over the 
top. Fix the flask in the retort stand with a piece of gauze 
underneath, arrange the leading tube upright so that gas 
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may be collected by upward displacement ; invert a dry gas 
bottle over the tube, the end of which must reach right up to the 
top. Fig. 32 shows the whole arrangement. The gas bottle is 
most conveniently held on the ring of a retort stand. Apply a 
gentle heat to the flask ; the gas is evolved readily. To test 
when the jar is full, hold a piece of reddened litmus paper 
outside the bottle just above the mouth ; it will be turned blue ; 
draw the tube out of the bottle, lift it from the ring and quickly 
place on the cover. Three jars of gas should be in this way 
collected. 

Experiment 132. — Then place the end of the delivery tube 
in a little distilled water in a beaker ; notice that the whole of 
the gas 3s absorbed ; in two or three minutes remove the tube 
and withdraw the Bunsen from the flask ; the liquid smells of 
the gas ; to some litmus solution in a test-tube add a drop of 
sulphuric or hydrochloric acid so as to just redden it ; to this 
add the ammonia solution ; the blue colour is restored. 



152. Properties. — Ammonia is a colourless gas with a 
most pungent and characteristic odour, which is pleasant 
when the gas is mixed with air ; but in the undiluted state 
the gas acts as a powerful irritant, bringing tears to the eyes, 
and if accidentally inhaled, even in small quantities, destroys 
the surface of the mucous membrane of the mouth, and 
may produce even fata! effects by its action on the lungs. 
The solution in water has a burning and disagreeable taste, 
The gas may be condensed to a liquid by a temperature of 
— 50 C, or a pressure of about 7 atmospheres at 15 C. 
Like other liquefied gases, liquid ammonia is very volatfle, 
producing great cold in evaporating. This property causes 
it to be largely used in the manufacture of artificial ice. 
The gas is remarkably soluble in water, which dissolves at 
o° C. 1050 times its volume of the gas ; at 15 C. 727 
volumes. The concentrated solution readily evolves gas on 
being heated, and may frequently be used with advantage 
as a source of the gas. At ordinary temperatures the solu- 
tion gives off gas, hence its pungent odour. A solution of 
hydrochloric acid in water has a higher specific gravity than 
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water, while that of ammonia is lower. The concentrated 
solution at 15 C. has a specific gravity of o'88o. 

Experiment 133. — Place the mouth of one of the jars of gas 
under water and remove the glass plate ; the water rushes up 
with violence and fills the jar. 

It has been before mentioned that charcoal possesses the 
property of absorbing gases : ammonia is a striking ex- 
ample. Freshly burned charcoal absorbs about 90 volumes 
of this gas, 

Experiment 134. — Take a dry six-inch test-tube, fill it with 
mercury in a mercury trough, and fix in a retort stand with the 
mouth under the surface. In a clean four-ounce flask place 
about an ounce of concentrated ammonia solution, fit to it a 
cork with single delivery tube, leading into the mercury trough, 
fix the flask in the retort stand, and apply a gentle heat ; gas 
comes over almost immediately ; wait until the air is all expelled, 
and then fill the test-tube with gas. Select a piece of charcoal 
of a size that will easily go into the tube ; heat it in the Bunsen, 
and then by means of the tongs introduce it through the mercury 
into the gas ; it rapidly absorbs it, and the mercury rises to the 
top of the tube. 

Ammonia is a non-supporter of combustion, and non- 
inflammable at ordinary temperatures ; but when heated it 
takes fire and burns with a greenish flame ; water is produced 
and nitrogen set free. 

4NH, + SO, = 2N a + 6H»0 

Ammonia. Oiygnn. Nitrogen. Water. 

Experiment 135. — Place a lighted taper in a jar of the gas j 
the taper goes out, but just before doing so the flame slightly 
enlarges and becomes of a green colour. 

Experiment 136. — Place in the furnace an iron tube fitted 
with corks and pieces of quill tube at each end ; when the tube 
is red hot connect to it the four-ounce flask containing ammonia 
solution ; apply heat and light the gas as it emerges from the 
iron tube ; it bums with a green flame. 

It has already been seen by experiment that ammonia 
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restores the blue colour to litmus. It neutralises the 
strongest acids, and forms a well-marked and most important 
series of salts. The composition of some of these is thus 
shown : — 



HCl 


= 


NH.C1 


. Nad 


lydrochlori 




chloride. 


Sodium 


HNO, 


= 


NH.NO, 


NaNO, 



2NH S + H s SOi mm (NH 4 ) s SO< • Na a SO, 

Ammonia. Sulphuric Ammonium Sodium 

acid. sulphate. luljihate. 

The salts of sodium are also written in a separate column 
for the sake of comparison. It will be seen that the group 
NH, and sodium occupy corresponding places. Further, 
this group may be expelled from one chemical compound 
and caused to enter another without decomposition. 

153. Compound Radicals. — This is only one instance 
of a group of elements entering into the composition of a 
body, and performing functions very similar to those of an 
atom of an element Such groups are not only found to 
form numbers of very definite compounds, but may be even 
transferred from one compound to another without under- 
going decomposition. Groups of atoms of different 
elements which possess a distinct individuality 
throughout a series of compounds, and behave 
therein as though they were elementary bodies, are 
termed * compound radicals.' 

154. Ammonium and its Salts. — The group NH« is 
one of the best and most striking examples of a compound 
radical ; because it thus behaves in so many compounds 
as though it were an element, it has received a name 
ammonium, for which the symbol Am is sometimes used. 
Ammonium chloride is written either NH 4 C1 or AmCl. 
Ammonium, however, cannot be isolated, but immediately 
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splits up into ammonia and free hydrogen. The solution of 
ammonia in water is sometimes conveniently represented as 
a hydrate of ammonium ; thus — 

NH 3 + H s O = NH,HO 

Ammonia. Water. Ammonium hydrate. 

This, again, is analogous in composition to sodium 
hydrate, NaHO. 

Ammonium hydrate produces in many cases the same 
chemical reaction as does either sodium or potassium 
hydrate. Thus all these bodies produce the same precipi- 
tate of ferric hydrate, Fe 2 (HO) s , from a solution of ferric 
chloride, Fe a Cl fi . The student is referred to the analytic 
section of this work for an account of these reactions. 

The principle of the preparation of ammonia is simply, 
therefore, to displace it from a salt by the action of a stronger 
and non-volatile base, as lime. The action is similar to that 
in which a volatile acid, as hydrochloric, is displaced by a 
less volatile and more powerful acid, as sulphuric. 

The salts of ammonium are formed, as shown by equa- 
tions, by the direct union of the acid with gaseous ammonia. 

Experiment 137. — Fill a bottle with hydrochloric acid gas, 
place it over the remaining bottle of ammonia, remove the 
plates, bringing the mouths of the bottles together ; a dense 
white cloud of ammonium chloride is formed ; the bottles get 
sensibly warm to the hand. 

Salts of ammonia with volatile acids may in some cases 
be sublimed without the production of any permanent 
chemical change, as with ammonium chloride. Others are 
decomposed, as ammonium nitrate ; those with non-volatile 
acids, as ammonium phosphate, are decomposed ; the acid 
remains, and free ammonia is evolved. 

Experiment 138— Heat a little ammonium chloride in a test- 
tube ; the salt, if pure, entirely sublimes, and recondenses in 
the upper part of the tube. In a second tube heat some ammo- 
nium phosphate : free ammonia is evolved and phosphoric acid 
remains. 

>,GoogIe 
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155. Composition. — The composition of ammonia by 
volume may be ascertained by passing a series of electric 
sparks through the gas in a eudiometer. Any residual 
ammonia, which has escaped decomposition, must be ab- 
sorbed by caustic potash. The volume of the remaining gas 
is double that of the ammonia from which it has been 
formed, two molecules of ammonia producing one molecule 
of nitrogen and three of hydrogen. The quantity of hydro- 
gen is determined by adding excess of oxygen and explod- 
ing. It amounts to two-thirds of the diminution. The 
excess of oxygen is then removed by adding pyrogallic acid 
and caustic potash, by which it is absorbed; the residual 
gas is nitrogen. 

The composition by weight may be ascertained by pass- 
ing a measured quantity of dry ammonia over red-hot copper 
oxide ; water is formed and may be collected by calcium 
chloride. Nitrogen passes over in the free state. The 
hydrogen is calculated from the water, and the difference 
of weight between that and the ammonia represents the 
nitrogen. 

Experiment 139. — Pass a current of dry ammonia over 
copper oxide, heated to redness in a combustion tube. Note 
that water is formed and that the oxide is reduced to the 
metallic state. 

Pass a mixture of air and ammonia over the red-hot copper 
remaining in the tube and collect the gas which escapes. On 
testing it is found to be nitrogea 

In this latter part of the experiment the oxygen of the 
air and the hydrogen of the ammonia unite to form water ; 
the atmospheric nitrogen and that contained in the ammonia 
both escape together. 

Summary. 
Ammonia exists in traces in the atmosphere ; is formed by 
the decomposition of nitrogenous organic matter ; is manu- 
factured from the watery distillate of the gaswork, by neutral- 



1 84 Text-Book of Inorganic Chemistry. 

ising with acid and subsequently treating the salt produced with 
lime and heating. 

Ammonia is a colourless gas, with characteristic odour ; 
may be liquefied by pressure or cold ; is very soluble in water, 
and is also absorbed in large quantities by charcoal The gas 
is a non-supporter of combustion, and is non-inflammable at 
ordinary temperatures ; but when heated burns with a greenish 
flame. It is alkaline to litmus paper, and forms with acids a 
series of salts in which XH, occupies the place of a monad 
metal. This group has received the name ammonium and 
symbol Am ; does not exist in the free state, but breaks up into 
ammonia and hydrogen. Ammonium salts are volatile if the 
acid be so ; those with a fixed acid are decomposed ; the acid 
remains and ammonia is evolved. 

The decomposition is determined by decomposing the gas by 
electricity and estimating the hydrogen and nitrogen. 

Laboratory Hints. 

In preparing ammonia from the chloride and lime, unless 
both are dried, there is a danger of breaking the flask by water 
condensing in the upper parts and trickling down on the hot 
glass. It is a good plan to place two pieces of gauze under the 
flask, and to use a rose burner if you have one ; otherwise keep 
the flame small. When collecting a gas by displacement, it is 
advisable to have a piece of cardboard closing the mouth of 
the jar, with a slit through it for the leading tube : this is kept 
on the mouth until the glass plate is exchanged for it. 

When the end of the leading tube is placed in water, watch 
carefully to see that the gas is not absorbed so rapidly as to 
cause the water to rise in the tube ; should it have a tendency 
to do so, increase the heat, and, if necessary, take away the 
beaker of water, and draw the cork from the flask. In any case 
remove the beaker before the flame. 

There is a difficulty in filling jars in the mercury trough 
through not being able to see the end of the leading tube ; this 
should be bent up at an acute angle, and may then be hooked 
into the mouth of the tube. A tube of stouter glass than that 
of the test-tube is much better, and may be made by drawing 
out a piece of glass tubing. 
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CHAPTER XVIII. 

OXIDES AND ACIDS OF NITROGEN. 

156. Nitrogen Oxides.— There are five compounds 
of nitrogen and oxygen known, two of which, by union with 
water, form acids : their names and composition are ;— 

Nitrogen monoxide, or nitrous oxide, N g O. 
Nitrogen dioxide, or nitric oxide, NO (or N a O s ). 
Nitrogen trioxide, or nitrous anhydride, N 8 O a . 
Nitrogen tetroxide, or nitric peroxide, NO a (or N s O«). 
Nitrogen pentoxide, or nitric anhydride, NjO s . 

By the action of water we have — 

N s O, + H s O = 2HNO s , Nitrous acid. 
N a O s + H s O = 2HN0 3 , Nitric acid. 

This series of compounds is interesting because it affords 
such a striking illustration of the law of multiple propor- 
tions ; 28 parts by weight of nitrogen combine respectively 
with 16, 32, 48, 64, and 80 parts of oxygen. 

Nitric acid is by far the most important of these bodies, 
and as the whole of the others are prepared from it nitric 
acid is conveniently studied first 

Nitric Acid. — Formula, HHO,. Molecular weight, 
6280. Specific gravity of liquid, 152. Melting 
point, about —56° C. Boiling point, 84-6°. 

157. Occurrence.— Nitric acid is produced in small 
quantities in the atmosphere, from which it is separated by 
rain, which therefore usually exhibits traces of this acid when 
subjected to analysis. The salts of nitric acid with soda and 
potash (sodium and potassium nitrates) are its most common 
sources. Layers of potassium nitrate are found incrusting 
the soil in India and of sodium nitrate in parts of Chili 
and Peru ; the latter of these is the more plentiful. These 
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nitrates are produced by the oxidation of nitrogenous organic 
matter in the presence of the bases potash or soda. Potas- 
sium nitrate is also known as saltpetre or nitre ; sodium 
nitrate is frequently called Chili saltpetre or cubic nitre, 
from the shape of its crystals. 

158. Preparation.— Nitric acid is always prepared by 
the action of sulphuric acid on a nitrate, usually either that 




of sodium or potassium. The two are mixed in a retort, 
and on the application of heat nitric acid, being more 
volatile, distils over, leaving acid sodium sulphate : — 
NaNC-a + H»S0 4 = HNO, + NaHSO, 

Sodium nitrate. Sulphuric acid. Nitrigacid. Acid sodium sulphate. 

Experiment 140. — Take a four or six-ounced stoppered 
retort, get it thoroughly clean, and pour in about an ounce of 
sodium nitrate 
through the tu- 
bulure (i.e. hole 
for the stopper) : 
this is most 
easily effected 
bytakingapiece 
of paper, and 
doubling it up as 
shown in Fig. 
the nitrate 
is placed on this, 
and carefully 
the retort, which should be held as in the figure j 
must any of the nitrate get into the neck. 
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Next clean and drain a smalt flask or six-inch test-tube and 
introduce into it the beak of the retort as represented in Fig. 34. 
Arrange the apparatus in the retort stand with the test-tube or 
flask well under water in the pneumatic trough ; the further 
under the better, so that the water does not run into the tube. 
The retort must be held securely by a ring passing over the 
neck; it may be necessary to raise the trough some little 
distance above the table ; adjustments of this kind are best 
performed by pieces of blocking ; the trough should be got to 
its right place_/frj/, and then filled with water. Next pour in 
an ounce of concentrated sulphuric acid, replace the stopper, 
and apply heat carefully with the Bunsen. The nitrate melts, 
brownish red fumes are seen in the retort, and a pale yellow 
liquid distils over into the tube or flask. Collect sufficient to 
about one-quarter fill a six-inch test-tube, then remove the light 
and disconnect the apparatus ; pour the sulphate out of the 
retort into an evaporating basin while still liquid ; it solidifies, 
being nearly pure acid sodium sulphate. Reserve the nitric acid 
for further experiments. 

On the application of a more intense heat the acid sul- 
phate of sodium is capable of acting on another quantity of 
the nitrate with the formation of the normal sulphate : — 

NaHS0 4 + NaN0 3 = Na a SO, + HN0 8 

AcM sodium sulphate. Sodium nitrate. Sodium sulphate. Nitric acid. 

The temperature necessary for this second reaction, 
however, partly decomposes the nitric acid produced. 

159. Properties. — Nitric acid, when pure, is a colour- 
less fuming liquid, but usually is of a faint yellow tinge 
through the presence of some of the lower oxides of nitrogen, 
produced by its partial decomposition. It is an extremely 
powerful oxidising agent, and rapidly destroys animal tissues ; 
it stains the skin, horn, &c, a bright yellow colour. It 
attacks most of the metals, including copper, mercury, and 
silver, with great vigour ; gold and platinum are unaffected 
by it, or any single acid (except that gold is oxidised by the 
rare compound, selenic acid). 
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Expreiment 141. — Fill an iron ladle with small fragments of 
charcoal, and heat to redness over a powerful Bunsen flame. 
Fasten a test-tube to the end of a rod and partly nil with con- 
centrated nitric acid. Pour a little of the acid on to the red- 
hot charcoal. Vigorous combustion ensues, due to the rapid 
oxidation of the charcoal by the acid. 

Vigorous combustion of this kind is termed deflagration. 

160, Action of Acids on Gold.— Experiment 14a.— 
Take a small piece of gold leaf and place it in a test-tube, 
add some nitric acid and heat gently ; the gold is undissolved. 
Treat another piece similarly with strong hydrochloric acid ; this 
also is without action ; now mix the two together ; the gold 
dissolves rapidly. 

This mixture of acids is generally termed aqua regia 
(royal water), from its power of thus dissolving ' the king of 
metals'; its activity depends on the production of nascent 
chlorine, which combines with gold forming auric chloride ; 
the reaction may be represented by the following equation, 
but varies with the different proportions of hydrochloric and 
nitric acids which may be used ;— 
3HN0 3 + 9HC1 + 2Au = 3NOC1 + 6H s O + 2AuCl 3 

Nitri: acid. Hydrochloric Gold. Nitrogen Water. Gold 

acid. Oiychjoride. chloride 

161. Action of Nitric Acid ; and Nitrates.— The 
action of nitric acid on the metals generally is more complex 
than that of hydrochloric or sulphuric acids ; the nascent 
hydrogen, displaced by the metal, attacks the remaining 
nitric acid and forms water, liberating one or more of the 
lower oxides of nitrogen ; the particular one evolved, and 
the proportions of each present in a mixture, depend on the 
metal used, the degree of concentration of the acid, and 
other causes. 

Experiment 143. — To some of the nitric acid distilled in a 
previous experiment add one or two pieces of copper clippings ; 
notice that a violent action goes on, ruddy fumes are evolved, 
and a green solution of copper nitrate formed, 
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Nitric acid is a monobasic acid, its salts being known as 
nitrates ; they may be prepared either by acting on the 
metal, as with copper, or by adding the acid to an oxide or 
a carbonate. 

Experiment 144.— Take about half an ounce of strong nitric 
acid, place it in a beaker, and add solid ammonium carbonate 
in small quantities until it no longer causes effervescence ] the 
liquid now has an alkaline reaction to litmus paper, add nitric 
acid drop by drop until the solution is neutral ; place this away 
for a week in an evaporating basin ; at the end of that time 
long needles of ammonium nitrate will have crystallised out ; 
the salt must be reserved for a future experiment. 

The nitrates, like the acid from which they are derived, 
are powerful oxidising agents ; potassium nitrate is used as 
a source of oxygen in gunpowder, which is a mixture of that 
compound with sulphur and charcoal. 

If charcoal be dropped into melting potassium nitrate, it 
burns with great brilliancy. 

Experiment 145. — Melt some potassium nitrate in a test- 
tube, drop in a fragment of charcoal ; it burns with evolution of 
carbon dioxide. The mouth of the tube should be held away 
from any person, as sometimes the red-hot piece of charcoal 
jumps out of the tube. 

Nitric acid and all the nitrates are decomposed by heat, 
oxides of the metals remain, and oxygen and nitrogen 
oxides are driven off. 

Experiment 146. — Procure a clay tobacco pipe with very 
long stem (churchwarden) ; pass the stem through a small gas 
tube-furnace, arranged obliquely so that the bowl of the pipe is 
upwards, and the mouthpiece just beneath the surface of the water 
of a pneumatic trough. Arrange a test-tube for the collection 
of gas evolved from the pipe. Pour concentrated nitric acid in 
the bowl drop by drop ; in passing through the red-hot stem it 
is decomposed into water, nitrogen peroxide, and free oxygen. 
The peroxide is dissolved by the water, and oxygen collects in 
the tube. Test the gas by means of a glowing splinter. 
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The reaction in the above experiment is represented by 
the following equation : — 

4HNO, = 2H a O + 4N0 2 + O a 

Nitric acid. Water. Nitrogen peroxide. Oxygen. 

Experiment 147. — Arrangea test-tube with cork and delivery 
tube and one-third fill with potassium nitrate. Apply heat and 
collect the gas which is evolved. Continue the application of 
heat until the free evolution of gas ceases. Test the gas by 
means of a glowing splinter. Reserve the substance remaining 
in the test-tube for a future experiment. 

Potassium nitrate when heated undergoes the following 
change : — 

2KN0 3 = 2KN0 8 + 2 

Potassium nitrate. Potassium nitrite. Oxygen. 

162. Nitric anhydride is an unstable body, and is 
rarely prepared ; it readily unites with water and forms nitric 
acid ;— 

N a O„ + H 5 = 2HNO a 

Nitric anhydride. Water. Nitric add. 

Nitrogen Monoxide. — Formula, N a O. Molecular 
weight, 43-96. Density, 2109. Specific gravity, 
1*627. 

o o 

Graphic formula, N— O— N 

o o 

163. Preparation. — This gas may be prepared by the 
action of zinc on dilute nitric acid, the two being gently 
heated ; the reaction is a somewhat complex one, and may 
be represented by the following equation : — 

10HNO 3 + 4Zn = N a O + 4Zn(N0 3 ) a + 5H 2 

Nitric acid. Zinc Nitrogen monoxide. Zinc nitrate. Water. 

The gas is frequently impure, portions of the nitric acid 
being reduced to free nitrogen. 
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Nitrogen monoxide is much more easily obtained by the 
action of heat on ammonium nitrate, which is decomposed 
in a manner similar to that in which ammonium nitrite, 
NH 4 NO s , is separated into water and nitrogen ; the nitrate, 
however, contains another atom of oxygen (its formula 
being NH 4 N0 3 ), which is evolved in combination with the 
nitrogen : — 

NH 4 NO s = 2H s O + N a O 

Ammonium nitrate. Water. Nitrogen monoxide. 

This equation should be compared with that represent- 
ing the decomposition of ammonium nitrite. 

Experiment 148. — Take an eight-ounce flask, fitted with cork 
and single leading tube ; transfer to it the ammonium nitrate 
prepared according to directions previously given ; pour in the 
saturated solution of the salt as well as the crystals which have 
formed ; get ready a trough of warm water for the collection of 
the gas, fix the flask into the retort stand, place the end of the 
leading tube in the trough, and apply heat ; at first air escapes 
and bubbles through the water in the trough ; this is soon dis- 
placed by the steam resulting from the evaporation of the water 
present with the nitrate ; as this enters the colder water it is 
condensed, and no bubbles arise ; in a short time the whole of 
the water is driven off; at this point the liquid becomes pasty 
and froths up ; watch carefully, and if necessary remove the 
light ; it soon again subsides and then evolves gas quietly ; use 
a flame not too large but just at such a height as to produce a 
steady and slow current of gas. Collect three jars for experi- 
ment ; take the leading tube out of the trough, remove the 
Bunsen, and allow the flask to cool : any ammonium nitrate 
which then remains readily dissolves if some water is placed in 
the flask. 

164. Properties. — Nitrogen monoxide is colourless, has 
a faint sweetish smell and taste ; it is soluble in cold water ; 
1 volume at 15 C. dissolves 077 volume of the gas. It 
may be condensed to a liquid by a pressure of thirty atmo- 
spheres at 0° C. or at ordinary pressures at a temperature of 
— 99 C. Nitrogen monoxide supports combustion almost 



192 Text-Book of Inorganic Chemistry. 

as vigorously as oxygen, oxides are formed, and nitrogen 
liberated. Carbon thus forms carbon dioxide : — 



Experiment 149. — Introduce into ajar of the gas a glowing 
splinter of "wood ; it bursts into flame as though ' placed in 
oxygen. 

The two gases, oxygen and nitrogen monoxide, may 
however be readily distinguished from each other by the 
much greater solubility of the latter gas, and also by the 
difference in their behaviour with nitric oxide, to which 
reference will again be made. In actual analysis the pre- 
sence of a residue of nitrogen after combustion would also 
distinguish nitrous oxide from oxygen. 

The decomposition of nitrogen monoxide into free 
oxygen and nitrogen is necessary before bodies can bum in 
this gas ; if the heat of the combustion is not sufficient to 
effect this burning does not go on. Thus feebly burning 
sulphur is extinguished by the gas, but when burning 
brightly it continues to do so almost as vividly as in oxygen. 

Experiment 150. — Place a piece of sulphur in a deflagrating 
spoon, let it just take Are in the Bunsen, and plunge it into a 
jar of the gas ; the light is extinguished. Replace the cover of 
the gas jar and heat the sulphur in the flame until almost 
boiling, now again place in the gas ; it continues to burn. 

S a 4- 4N a O = 2SO, + 4N a 

Sulphur. Nitrogen monoxide. Sulphur dioxide. Nitrogen. 

Nitrogen monoxide behaves as an anaesthetic when 
breathed (i.e. a substance which causes insensibility to pain). 
Some four or five gallons of the gas are sufficient in most 
cases to produce total insensibility ; before this stage it in 
many persons causes a kind of intoxication, often accom- 
panied by violent fits of laughter ; because of this it has 
received the popular name of 'laughing gas.' 
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165. Composition. — The molecule of nitrogen mon- 
oxide yields a molecule of nitrogen ; therefore any quantity 
of the gas when decomposed produces its own volume of 
nitrogen ; the composition may be determined by exploding 
the gas in the eudiometer with excess of hydrogen — 
N 2 + H 2 = N, + H s O 

Nitrogen monoxide. Hydrogen. Nitrogen. Water. 

A corresponding volume of nitrogen remains to that of 
the monoxide taken ; the diminution in volume consists of 
hydrogen which has combined with the oxygen ; it is neces- 
sary, however, to measure the excess of hydrogen which 
remains in order to deduce the composition of nitrogen 
monoxide from this experiment. 

Nitrogen Dioxide, or Nitric Oxide.— Formula, 
NO (or ITjOj). Molecular weight, 29*97. Density, 
14-98. Specific gravity, 1*039. 

166. Preparation. — This gas is readily obtained by 
the action of copper on moderately concentrated nitric acid; 
the reaction occurs without the application of heat : hydro- 
gen is probably first liberated, and then reduces some of the 
remaining acid ; — 

3Cu + 6HNO a = 3Cu(N0„)j + 6H 

Copper. Nitric acid. Copper nitrate. Nascent hydrogen. 

6H + 2HN0, = 2NO + 4H,0 

Nascent hydrogen. Nitric add. Nitric oiide. Water. 

Or the two reactions may be stated in the one equa- 
tion : — 

3Cu + 8HN0 3 = 3Cu(N0 3 ) 3 + 2N0 + 4H 2 

Copper. Nitric acid. Copper nitrate. Nitric cutide. Water 

Experiment 151 — Take the flask and delivery tube used for 
the preparation of hydrogen, No. 2, Fig. 10, and place in it 
about half an ounce of copper clippings. Dip the cork of 
the apparatus in melted paraffin, and attach a glass leading 
tube to the delivery tube, so that the ends are in contact, by a 
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small piece of india-rubber tubing about two inches long. 
Nitric acid rapidly corrodes both india-rubber and cork, so that 
we avoid, as far as possible, exposing cither to its influence ; the 
paraffin protects the cork, and the leading tube is practically of 
glass throughout ; arrange for the collection of the gas over 
cold water in the pneumatic trough. Pour on to the copper 
some of a mixture of strong nitric acid and water in equal 
volumes (about two ounces); bubbles of gas are evolved and the 
whole flask rapidly fills with red fumes. These soon become 
lighter in colour, and as each bubble of gas rises through the 
water in the trough into the air, it assumes a dark red tint ; the 
air is now expelled from the flask, and the gas jars may be 
filled ; four will be required for experiment. If the action 
slackens before the whole of them have been filled, add some 
more of the nitric acid ; as the action goes on with great 
rapidity, as many jars as possible should be filled with water and 
placed inverted in the trough before the acid is poured on the 
copper. Remember the order in which the jars are filled. This 
experiment should, if possible, be performed in a stink closet. 

This gas may also be prepared by the action of sulphuric 
acid on potassium nitrite, when the following reactions 
occur :— 

2KNO„ + H 2 SO, = K a SO, + 2HNO a 

Potassium nitrite. Sulphuric add. Potassium sulphate. Nitrous acid. 

The nitrous acid, if slightly heated, immediately under- 
goes decomposition with the formation of nitric acid and 
nitric oxide ; — 

3HNO a = HN0 3 + 2NO + H 2 

Nitrons «id. Nitric acid. Nitric oiide. Water. 

Experiment 152. — Place tbe residue from Experiment 147 
in a flask fitted with thisde funnel and delivery tube. Add 
dilute sulphuric acid and heat gently j collect the evolved gas 
over water in the pneumatic trough. On the admission of air 
the gas turns red, showing it to consist of nitric oxide. 

167. Properties.— This gas is colourless, but imme- 
diately on coming in contact with air combines with the 
oxygen and forms higher nitrogen oxides of a ruddy tint ; 
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from its possessing these properties it is difficult to either 
taste or smell it. The strong odour observed during its 
preparation is that of these higher oxides. 

Nitric oxide has until recently been considered a per- 
manent gas, but was liquefied by Cailletet at — n° C. by 
a pressure of 104 atmospheres. It is much more stable than 
nitrogen monoxide, and may be subjected to even a red- 
heat without decomposition ; consequently a lighted taper 
does not burn in it. 

Phosphorus, when feebly ignited, is also extinguished, 
but if strongly ignited burns with almost as much brilliancy 
as in pure oxygen : — 

P, + 10NO = 2P,O s + 5N S 

Phosphorus. Nitric oxide. Phosphcrui Nitrogen. 

Experiment 1 53. — In the third jar of gas prepared introduce 
a lighted taper ; notice that it goes out. If this is quickly done, 
a deflagrating spoon containing brightly burning sulphur may 
be placed in the same jar of gas ; this also ceases to burn. 

Experiment 154.— Place a piece of phosphorus in the de- 
flagrating spoon, first thoroughly cooling it ; get the second jar 
of gas ready and just kindle the phosphorus and immediately 
place it in the gas ; it is extinguished. Remove it and again 
ignite and let it get to burn brightly ; once more plunge it in 
the'jar ; it bums with extreme brightness. 

A mixture of carbon disulphide vapour and nitric oxide 
burns with an intense bluish light. 

Experiment 155. — Pour half a cubic centimetre of carbon 
disulphide into a test-tube ; replace the bottle. Take the first 
jar prepared of nitric oxide, remove the cover, quickly pour in 
the disulphide, and as quickly re-cover the jar ; shake it vigor- 
ously, in order to thoroughly mix the gas and vapour, holding 
the plate on firmly. Remove the plate and apply a light ; the 
mixture burns quieUy with a bright blue flame. 

Nitric oxide is not itself combustible. One of its most 
striking properties is the power it possesses of spontaneously 
combining with oxygen on the two being brought together ; 
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the resultant ruddy gas is a mixture of nitrogen trioxide and 
peroxide in varying proportions : — 

4NO + O, = 2N 3 3 , Nitrogen trioxide. 
2NO + O, = 2N0 2 , Nitrogen peroxide. 

As nitrous oxide does not possess this property, this re- 
action serves to distinguish the one gas from the other. 

Experiment 1 56. — Take the fourth jar of gas prepared and 
invert it in the pneumatic trough. Having filled a jar with 
oxygen, pour the nitric oxide up into it hubble by bubble 1 as 
each bubble enters, a red colour is developed ; this again 
vanishes, and the water rises in the gas jar. If the two gases 
be pure, the gradual addition of nitric oxide causes the oxygen 
to disappear entirely. 

Prepare a jar of nitrous oxide, free from air ; add nitric oxide 
to it in a similar manner. There is no red coloration nor 
rapid absorption of the gas by the water. 

The reason of the above reaction is that, while nitric 
oxide is but feebly soluble in water (water dissolves about 
one-twentieth of its volume), the higher oxides produced 
are very soluble, and are thus absorbed as rapidly as formed. 
This reaction is a most important one, as the whole process 
of manufacturing sulphuric acid is dependent on it. A de- 
scription of its employment for that purpose is given in 
Chapter XXII. 

168. Composition. — The anomalous composition of 
nitric oxide has been already referred to in Chapter XII. 
From the formula being written N a O a by some chemists, 
the name nitrogen dioxide has been given it, and is still used, 
although but one atom of oxygen is contained in the mole- 
cule. It is a general rule that the more atoms a molecule 
contains, the more unstable it is. Nitric oxide is more 
stable than nitrogen monoxide, and this, therefore, is an 
additional reason for considering its true formula to be NO. 

169. Nitrogen Trioxide is one of the products of 
oxidation of nitric oxide. It dissolves in a small quantity 
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of water to form nitrous acid. This is, however, so un- 
stable that even the addition of more water causes its de- 
composition : — 

N,0 3 + H a O = 2HNO a 

Nitrous anhydride, or Water. Nitrous add. 

If the gas be passed into a solution of caustic potash or 
ammonia, it is absorbed, and a nitrite is formed : — 
N,O a + 2KHO = 2KNO + H s O 

Nitrons Potassium Potassium Water, 

anhydride, hydrate. nitrite. 

Nitrites are decomposed by stronger acids with evolution 
of nitrogen trioxide : — 
2KNO a + HsSO, = K s S0 4 + H 2 + N a 3 

Potassium Sulphuric acid. Potassium Water. Nitrogen 

nitrite. sulphate. Irioafde. 

This represents the simplest action of acids, but the 
nitrous acid formed also undergoes decomposition into nitric 
oxide, and nitric acid produced by the extra atom of oxygen 
uniting with another molecule of nitrous acid. 

170. Nitrogen Peroxide is of but little importance. 
Like nitric oxide, the formula is anomalous, being N0 2 . At 
a low temperature, however, the density increases, when 
N s 4 may be considered a true representation of the 
molecule. 

It may be prepared by the action of heat on certain 
nitrates, as lead nitrate : — 

2Pb(N0 3 ) a = 2PbO + 4NO a + O a 



Summary. 

Five oxide3 of nitrogen are known, two, at least, of which 
form acids. 

Nitric acid is the most important ; is produced by lightning 
discharges. It is manufactured from nitrates by distillation with 
sulphuric acid. It is a powerful oxidising agent, attacks most 
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of the metals, but neither gold nor platinum ; these ■ may be 
dissolved by aqua regia, a mixture of hydrochloric and nitric 
acids. When metals are acted on by nitric acid, the lower 
oxides of nitrogen are evolved and nitrates formed ; they are 
also produced by acting on metallic oxides or carbonates with 
the acid The nitrates also are capable of powerful oxidising 

Nitrogen monoxide is usually prepared by heating ammo- 
nium nitrate. It is colourless, has a faint, sweetish odour and 
taste, is somewhat soluble in water, non-inflammable, supports 
combustion, but requires for that purpose an initial heat suffi- 
cient to start its decomposition into nitrogen and oxygen. It 
also acts as an anaesthetic. 

Nitric oxide is prepared by the action of copper on nitric 
acid. It is colourless, but on exposure to air immediately 
becomes red by combination with oxygen. It is more stable 
than nitrogen monoxide, and does not support combustion un- 
less the heat of the burning body is sufficiently intense to sepa- 
rate it into oxygen and nitrogen. The red fumes formed by its 
combination with oxygen are soluble in water. The composition 
of the gas is anomalous. 

Nitrogen trioxide and peroxide are comparatively unim- 
portant. 

Laboratory Hints. 

Blocking for the adjustment of height of different pieces of 
apparatus is in constant requisition in the laboratory. Pieces 
six inches square are of a convenient size ; the following thick- 
nesses should be kept in stock : half-inch, one, two, three, and 
four inches. 

Small pieces of gold-leaf are quite sufficient for the experi- 
ments with that substance ; one leaf may be cut into nine 
pieces. Do not attempt to handle the leaf in a draughty room ; 
a leaf should be removed from the book, placed on a pad, and 
cut with an old knife, the edge of which is quite smooth. When 
the leaf is cut, it may be taken on the point of the knife and 
scraped into the test-tube ; it may then be washed down by a 
few drops of water from a wash-bottle. 

In adding ammonium carbonate to nitric acid do not throw 
it in the form of a fine powder, as the action then is so violent 
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that it is likely to overflow the beaker. Pieces about the size of 
peas are the most convenient 

The flask used for the preparation of nitrogen monoxide 
should not be less than eight ounces, as otherwise some of the 
melting nitrate may froth up and choke the tube ; should any 
do so, immediately remove the light, as the continued evolution 
of gas might burst the flask. If the heat is too great, the gas 
comes over impure ; if it is cloudy in the jar, that may be looked 
on as a sign that the heat must be moderated. 

The action of copper on nitric acid sometimes does not 
Start immediately ; if so, apply a very gentle heat to the flask 
until the action commences. It is liable then to proceed with 
extreme rapidity ; a large flask is therefore used. If coming over 
too fast, pour in a little water ; this will render the reaction less 
violent. The cork and tubing used should be washed at once 
after use. The directions for the protection of the cork and 
tubing are important ; if a long piece of india-rubber tubing be 
used, the tubing is not only destroyed, but also gets stopped with 
the products of corrosion. It is a good plan to have the leading 
tube bent out of one piece of glass tubing ; but if there is a 
joint, provided the ends of the glass tubes touch one another, it 

The reason why the order of collection of the gas must be 
remembered is that that which first comes over is purer. At the 
last nitrogen monoxide and nitrogen are also present ; the jars 
first filled are therefore used for those experiments in which the 
purest gas is required. 

The phosphorus must be introduced into the gas very quickly 
when lighted, as otherwise it will be burning too brightly to be 
extinguished. Place the gas-jar close to the Bunsen burner, and 
loosen ihe glass plate before lighting the phosphorus. 
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CHAPTER XIX. 

SULPHUR. 

Symbol, 8. Atomic weight, 3198. Density, 31*98. 
Specific gravity of native crystals, 207. Molecular 
weight, 63 96. Molecular volume, j -1 " -1 . 

171. Occurrence. — Sulphur is a widely distributed 
element In the neighbourhood of volcanoes it occurs 
plentifully in the free state. The ores from which many 
metals are derived are sulphides. Among these may be 
mentioned those of lead, copper, mercury, and zinc. Many 
of the native metallic sulphides are characterised by a 
bright metallic lustre. The most common sulphide is that 
of iron. From this large quantities of sulphur are ex- 
tracted. 

Experiment 157. — Heat a small quantity of powdered native 
sulphide of iron in a test-tube ; yellow drops condense in the 
upper part of the tube. 

The reaction is represented by the following equation : — 
3FeS, = Fe 3 S 4 + S a 

Ferric sulphide. Trifeti ic lecrasutphide. Sulphur, 

In the presence of a limited supply of air the whole Of 
the sulphur is driven off, an oxide of iron remaining. In 
practice about half of the sulphur is also oxidised into 
sulphur dioxide, so that the yield of sulphur is not more 
than 50 per cent, of that present in the ore. The reaction 
in this case is thus represented, the oxidation of the sulphur 
being omitted : — 

4FeS, + 30 a = 2Fe 2 O a + 4S, ' 

Ferric sulphide. Ferric oxide. 

Expetiment 158. — Take a piece of combustion tubing six 
inches long and one quarter-inch diameter ; place a small 
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quantity of the sulphide about half-way up. Hold the tube 
slanting and apply heat ; an upward current of air is produced, 
in which the liberated sulphur bums. Smell the gas issuing 
from the end ; it has the characteristic odour of burning 
sulphur. 

The sulphates are another important class of natural 
bodies containing sulphur. Of these gypsum or calcium 
sulphate, CaSO ( , and barium sulphate, BaSOj, occur in large 
quantity. 

Many organic ' bodies contain sulphur as an essential 
ingredient, especially albumin. Hence, in their putrefac- 
tion, sulphur compounds are among the products, and are 
always present in sewage gases, &c. White of egg is an 
almost pure form of albumin, and owes its odour when 
rotten to the presence of a compound of sulphur and 
hydrogen. 

172. Preparation. — The free sulphur, collected in 
volcanic districts, is contaminated with earthy impurities. 
These are removed on the spot by melting the sulphur from 
them ; or, in the poorer samples, by the process of distilla- 
tion. The crude sulphur thus obtained is further purified 
on its arrival in this country by being a second time dis- 
tilled. The retorts employed are of iron ; the necks lead 
into large chambers of brickwork. If the heat be applied 
slowly, the vapour, on entering the' chamber, condenses to 
a solid, and falls as a fine dust to its floor. This constitutes 
' flowers of sulphur.' At a higher temperature the walls are 
heated, the sulphur condenses to the liquid form on them, 
and runs to the bottom as a melted mass. This is drawn 
off into cylindrical wooden moulds and allowed to solidify. 
In this manner is produced the roll ' brimstone ' of com- 
merce. 

173. Properties. — Sulphur is a lemon-yellow solid. 
It is insoluble in water, and therefore possesses no taste, 
but has a faint odour. The rolls of sulphur are extremely 
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brittle, and as it is also a bad conductor of heat the warmth 
of the hand is often sufficient to cause a roll to fall in pieces 
when held. It melts at a temperature of 113 C. to a 
limpid yellow liquid, which, if allowed to cool slowly, de- 
posits long prismatic needle-like crystals. These are at 
first perfectly transparent, but after a time become opaque, 
through each breaking up into a number of minute rhombic 
octahedral crystals. The external form is still retained, but 
little coherence remains. 

If sulphur be dissolved in carbon disu'phide, and the 
liquid then allowed to evaporate, the sulphur is obtained in 
octahedral crystals of the rhombic system. These are per- 
manent in air, and the form is that in which native sulphur 
crystals occur. 

Experiment 159.— Take a clay crucible about three inches 
high, or, preferably, an iron ladle ; fill it with sulphur and heat 
very gently with a small flame, taking care that the sulphur and 
the flame do not come in contact. As soon as the whole of the 
sulphur is melted remove the Bunsen ; as it cools, a crust forms 
over the surface, crystals being seen to shoot out from the side. 
Immediately that- this crust is formed, bore two holes through 
with a red-hot iron wire close to the edge and opposite each 
other ; pour the sulphur (which still remains melted) out, and 
then cut round the upper crust with a knife and remove it ; the 
interior is one mass of long transparent needles (prisms), belong- 
ing to the oblique system. Set the mass aside for a week, and 
then observe that the crystals have lost their transparency. 

Shake up some flowers of sulphur with carbon disulphide so 
as to form a saturated solution. Decant off* the clear liquid and 
filter into an evaporating basin. Set aside and allow the disul- 
phide to evaporate spontaneously. A residue of more or less 
transparent octahedra of sulphur remains. 

There are, then, two distinct forms in which sulphur 
crystallises ; the one from fusion, the Other from solution. 
The latter are permanent, the former unstable, gradually 
changing into the latter. 

In addition to these two varieties, there is another known 
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as plastic sulphur, whose properties widely differ from those 
of either. If, instead of allowing the limpid yellow liquid, 
produced as a result of melting sulphur, to cool, the applica- 
tion of heat be continued, a remarkable series of changes 
ensues. The colour gradually darkens as the temperature 
rises ; at the same lime the liquid becomes thicker, until, at 
a temperature of 180 C, the mass is almost black, and so 
viscid that the vessel may be momentarily held inverted 
without the sulphur running out With a further increase 
of temperature, the sulphur again becomes liquid, but re- 
mains of a much thicker consistency than it possessed on 
first melting. If while in this state it be poured into water, 
a soft, india-rjibber-like mass is produced, of a yellowish- 
brown tint, which may be drawn out into long threads. The 
difference between these and the common brittle form of 
sulphur is very striking. In a few hours it loses its tenacity, 
becoming again opaque and brittle. At a temperature of 
446° sulphur boils. 

In addition to the three forms of sulphur described, 
there are some other varieties, which, however, are not of 
great importance. 

Experiment 160. — Place some sulphur in a test-tube and 
heat gently, until the whole has melted down into a limpid clear 
liquid. Pour a portion out on to an iron plate or other cold 
surface. It solidities to a brittle yellow mass possessing the 
same properties as those originally belonging to the sulphur. 

Next heat the remainder very gently, and notice the succes- 
sive changes, from a thin liquid of light colour to the almost 
black, treacly mass. When in this condition invert the tube ; 
the sulphur does not run out, or only very slowly. Continue 
the application of heat until the sulphur boils ; observe the dark 
orange-coloured vapour, which condenses to solid yellow par- 
ticles in the upper part of the tube. Pour the liquid into a 
trough of cold watery notice the plastic condition of the sulphur; 
reserve some for a week, it will have become brittle. 

Sulphur is highly inflammable, burning in air with a pale 
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blue flame, and emitting a suffocating odour, the reaction 
being represented by — 

S, + 20, = 2SO, 

Sulphur. Oxygen. Sulphur dioxide. 

Traces of a higher oxide of sulphur are also formed, the 
formation of which will be subsequently described. 

Sulphur also combines readily with other elements. 
Iron, copper, and others burn brightly when heated with it. 
Silver and sulphur combine at ordinary temperatures, giving 
the metal a black coating of silver sulphide. 

Experiment r 6 1. —Raise some sulphur to the boiling point 
in a test-tube. Insert a coil of fine copper wire^ in the vapour 
and notice the vivid combustion which ensues. 

Two compounds of sulphur with hydrogen are known — 
SH 2 and SjHj— which are analogous in composition to the 
oxides of hydrogen, 0H 2 and OjH 3 . The first of these is 
the only one of practical importance. The sulphides of the 
metals have usually corresponding formula; to the oxides. 
Thus the sulphide of copper is CuS ; the oxide, CuO. 
Sulphur in these compounds behaves as a dyad ; but in 
sulphuric acid and the sulphates its atomicity is VI. 

Summary. 
Sulphur is found in volcanic districts, also in sulphides and 
sulphates, and several organic bodies ; is purified by distillation ; 
is a lemon-yellow brittle solid ; occurs in two crystalline forms, 
one of which is unstable ; may be also obtained in the plastic 
form by the application of heat. It is highly inflammable and 
combines with most of the metals, and also with many of the 
non-metals. Its absolute atomicity is VI. 

Laboratory Hints. 

For the first experiment in this chapter the native sulphide 

should be used ; that employed in the manufacture of sulphuric 

acid is most suitable. To succeed in obtaining sulphur crystals 

by solidification of the melted body, bore the holes through the 
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crust immediately it forms, and drain the melted sulphur away 
completely. 

In pouring sulphur from a test-tube there is danger of the 
tube cracking unless the upper part is thoroughly beated. 'The 
safest plan is, before pouring, to boil the sulphur until the whole 
tube is full of uncohdensed vapour ; by this means the whole is 
uniformly heated and the danger of cracking is but little ; care 
should, however, be taken that the tube is so held that in the 
event of its breaking none of the sulphur should fall on the hands. 
The liquid will probably take fire as it leaves the test-tube ; this, 
however, is of no importance. Should any fall on the bench at 
once throw a little water on it. 



CHAPTER XX. 

SULPHURETTED HYDROGEN. 



Formula, 8H 3 . Molecular weight, 33*98. Den- 
sity, 16*99. Specific gravity, 1*1912. 

Graphic formula, H — S— H. 



o 



174. Occurrence. — This compound, which is also 
sometimes known by the name of hydrosulphuric acid, is 
found free in volcanic districts, and also in the waters of 
certain mineral springs, as those at Harrogate. 

175- Preparation- — It is formed when hydrogen is 
passed into sulphur vapour, but only in small quantities. 
S a + 2H 4 = 2SH, 

. Sulphur. Hydrogen. ' Sulphuretted hydrogen. 

Experiment 163. — Arrange a small retort with its stem just 
dipping beneath the surface of the water in a pneumatic trough. 
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Place some sulphur in the retort and heat to the boiling point ; 
notice the sulphur which condenses in the stem. Withdraw the 
stopper from the tubulure of the retort and insert a cork through 
which has been passed a glass tube of such a length as to reach 
almost to the surface of the melted sulphur. Through this tube 
pass some pure hydrogen gas and collect it as it escapes from 
the stem of the retort. The gas possesses the odour of putrid 
eggs, and a piece of paper moistened with a solution of lead 
acetate is blackened when plunged into the gas. 

Sulphuretted hydrogen is commonly prepared for use in 
the laboratory by the action of dilute sulphuric acid on a 
sulphide, that of iron being usually chosen. The reaction 
goes on readily, without the application of heat, the iron 
displacing the hydrogen, and the sulphur and hydrogen 
uniting. 

FeS + H s S0 4 = FeSO, + SH, 

Ferrous Sulphuric add. Ferrous Sulphuretted 

sulphide. sulphate. hydrogen. 

Experiment 163. — Fit up the apparatus used for the prepara- 
tion of hydrogen; attach a small flask as a wash-bottle (Fig. 35), 
and place in it a little water ; place in the flask some fragments 
of iron sulphide ; add three or four ounces of water, and then 
a small quantity of sulphuric acid ; the gas is rapidly evolved. 
Fill three jars with it over warm water. 

Experiment 164. — In the next place attach a jet to the 
generating apparatus and light the gas ; it burns with a feeble 
blue flame, producing water and sulphur dioxide. Hold just 
above the flame a rod which has been dipped in a strong 
solution of ammonia (ammonium hydrate) ; dense white fumes 
ascend. 

The combustion of sulphuretted hydrogen is represented 
by the equation — 

2SHj + 30 3 = 2SO a + 2H s O 

Sulphuretted Oxygen. Sulphur Walcr. 

hydrogen dioxide. 

On holding above the flame the rod dipped inammonia, 
the sulphur dioxide forms a solid compound named am- 
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1 sulphite. The fumes of this body are evidence of 
the presence of sulphur dioxide : — 

SO a + 2NH,HO = (NH 4 ) 2 S0 4 + H a O 

dioxide. - hydrate. sulphide. 

Sulphuretted hydrogen produces no fumes with ammonia. 
More conclusive evidence of the presence of sulphur dioxide 
as one of the products of combustion is afforded by holding 
the nose above the flame, when its characteristic odour is 
observed. The following experiment also illustrates a test 
frequently employed for the detection of sulphur dioxide : — 

Experiment 165.— Hold over the flame a piece of filter paper 
which has been dipped in a mixture of potassium chromate and 
dilute hydrochloric acid ; the yellow colour is changed to green 
by the reducing action of the sulphur dioxide. 

Prove also that water is produced, when sulphuretted hydro- 
gens burns, by holding a beaker of cold water in the flame ; 
moisture condenses on the cold surface. 

Sulphuretted hydrogen is soluble in cold water, one 
volume at 15 C. dissolving 
3-23 volumes of the gas. 

Experiment 166. — At the 
conclusion of the experiment 
with flame pass the gas into a 
little distilled water in a test- 
glass or beaker — the arrange- 
ment of the apparatus is 
shown in Fig. 35. If neces- 
sary, add a little more sul- 
phuric acid to the ferrous 
sulphide in flask a. Con- 
tinue the passage of the gas for about ten minutes, and then 
notice that the water has the odour of the gas. 

While the above experiment is proceeding, examine the 
three jars filled with the gas in the following manner ! — 

Experiment 167.— Remove the cover from one jar and 
introduce a lighted taper ; the gas bums, but the light is extin- 
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guished ; a yellow deposit of sulphur is formed on the sides of 

Experiment 168. — Add some litmus solution to the second 
jar of gas and shake up ; the colour of the litmus is changed 
to a port-wine tint, showing that the gas has feebly acid pro- 
perties. 

Experiment [69. — Prepare a jar of chlorine, invert it, with 
the plate on the mouth, over the third jar of sulphuretted hy- 
drogen ; pull out the two plates and the jars open into one 
another ; sulphur is deposited. Remove the upper jar, and 
notice the characteristic fumes of hydrochloric acid. 

176. Properties. — The preceding experiments illustrate 
several of the properties of this gas. It is colourless and 
has an odour of rotten eggs. Its solution in water has a 
corresponding taste. It is inflammable and a non-supporter 
of combustion. With excess of oxygen, sulphur dioxide 
and water are produced, according to the equation before 
given. When the supply of air is limited, as when the gas 
burns in a jar, the sulphur is in great part deposited, the 
hydrogen only being burned. 

2SH a + 2 = S a + 2HjO 

Sulphuretted hydrogen. Oxygen. Sulphur. Water. 

The gas is condensed to a liquid by a pressure of seven- 
teen atmospheres at ordinary temperatures, 

177. Composition. — The molecule of the gas being 
represented by the formula SH St it is evident that it 
contains its own volume of hydrogen. Its composition may 
be proved by heating metallic tin in it. When cold the 
gas is found to have regained* its original volume and to 
consist of hydrogen. A piece of paper dipped in a solution 
of lead acetate is not changed in colour by the residual gas, 
although it is immediately blackened by sulphuretted 
hydrogen. The sulphur and tin have combined to form 
stannous sulphide. 

SH, + Sn = SnS + H s 

Sulphuretted Tin. Stannous Hydrogen 

hydrogen. iulphide. 

>, Google 
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The experiment may be performed in the following 
manner : — 

Experiment 170. — First close the end of a piece of combus- 
tion tubing, eight or ten inches in length, blowing it out into 
a small bulb ; bend it over, about two inches from the end, 
to an acute angle. Place a few fragments of granulated tin in 
the closed end ; fill with sulphuretted hydrogen by displacement 
and then invert in a small trough of mercury. The mercury 
should stand in the tube some distance from the bottom ; some 
ofthegasmay therefore be allowed to escape by holding the 
tube over at an angle, its mouth being kept the whole of the 
time under the surface of the mercury. Clamp the tube with a 
holder and apply heat very carefully ; the sulphur and tin com- 
bine. Allow to cool and observe the volume. Before heating, 
an india-rubber ring should be slipped over the tube to mark 
the level of the gas. 

178. Acidity of Sulphuretted Hydrogen.— The 
action of sulphuretted hydrogen on litmus shows that the 
gas possesses acid properties. These are, however, so feeble 
that in the case of soluble sulphides carbon dioxide is able 
to displace the sulphuretted hydrogen. The sulphides of 
all the metals are insoluble in water, with the exception 
of those of calcium, barium, strontium, magnesium, sodium 
and potassium, and a few of the very rare metals. The 
insolubility of the other metallic sulphides affords to the 
analyst a very valuable means of separating those metals 
from the group above mentioned. Whenever two com- 
pounds are brought together which respectively contain 
elements that by their union are capable of forming an 
insoluble compound, that compound will usually be pro- 
duced ; so that, although sulphuretted hydrogen is a weak 
acid, it is thus able to displace stronger ones from many 
metals. A current of sulphuretted hydrogen passed through 
a solution of copper chloride precipitates copper sulphide ; 
thus— 

CuCl, + H a S = CuS + 2HC1 

Copper chloride. Sulphuretted Copper sulphide. Hydrochloric 

hydrogen. acid. 
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. And this although hydrochloric acid is so much more 
powerful in its properties. 

These sulphides have, in many cases, characteristic 
colours, by which they are immediately recognised. They 
possess the further advantage of being divided into two 
groups, one of which is soluble in dilute hydrochloric acid, 
the other not so. 

Experiment 171.— Prepare a solution in separate test-tubes 
of each of the following substances : — Arsenious anhydride, 
copper sulphate, lead acetate, tartar emetic oranrimony chloride, 
zinc sulphate, and ferrous sulphate. Add a few drops of hydro- 
chloric acid to each, and pass sulphuretted hydrogen through 
each solution from the generating apparatus, washing the leading 
tube between each solution. 

The following results are observed : — 
As a 3 + 3SH 2 = 3H S + As s S„ Lemon Yellow. 

anhydride. sulphide. 

CuSO. + SH, = H,SO, + CuS, Black 

Copper sulphate. Copper sulphide. 

Pb(C 2 H 3 3 ) z + SH 2 = 2HC 2 H 3 2 + PbS.Bladc 

Lead acetate. Acetic add. Lead sulphide. 

2SbCl 3 + 3SH 2 ■= 6HC1 + Sb a S 3 , Orange 



ZnSOj Zinc Sulphate 1 In acid solution SH a produces no 
FeSO^ Iron Sulphate } precipitate. ,..,.. 

Through fresh portions of zinc and iron sulphates, without 
the addition of hydrochloric acid, pass sulphuretted hydrogen :— 

ZnS0 4 + SHj = H,S0 4 + ZnS, White 

Zinc sulphate. Zinc sulphide. 

FeS0 4 + SH 5 = H 2 S0 4 + FeS, Black 

Iron sulphate. Iron sulphide. 

To these two now add a few drops of hydrochloric acid ; the 
precipitates are immediately redissolved. 
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The sulphides are shown by these experiments to be 
well-defined salts, and a series of bodies of great importance. 

Although sulphur is thus able to displace the metals 
from their compounds with chlorine, owing to the operation 
of the law previously mentioned, yet chlorine readily de- 
composes sulphuretted hydrogen, as shown by experiment, 
the action being — 

2SH a + 2Cla = S 2 + 4HC1 

Sulphuretted hydrogen. Chloj-ine. Sulphur. Hydrochloric acid. 

179. Decompositions of Sulphuretted Hydro- 
gen. — The great affinity of hydrogen and chlorine for each 
other causes the decomposition of the sulphuretted hydro- 
gen. Free oxygen has no action on the dry gas, but in the 
presence of water a slow oxidation takes place. Hence an 
aqueous solution of sulphuretted hydrogen becomes turbid 
on exposure to the atmosphere, through the separation of 
sulphur and the formation of water. 

2SH, + O s = S, + 2H a O 

Sulphuretted hydrogen. Oiygen, Sulphur. Water. 

A curious and interesting reaction takes place between 
sulphuretted hydrogen and sulphur dioxide when moist ; 
on bringing together the mouths of two jars containing 
these gases, they decompose each other with the separation 
of sulphur and formation of water. Apparently the decom- 
position is in part determined by the affinity of the sulphur 
atoms for each other, in the same way as the affinity of 
oxygen atoms causes the mutual decomposition of hydroxyl 
and silver oxide. In the above reaction an acid of sulphur 
known as pentathionic acid is also formed : — 
10SO, + 10SH a = 5S, + 8H a O + SH^Os 

Sulphur Sulphuretted Sulphur. Water. Pentathionic 

dioxide. hydrogen. acid. 

This reaction is of interest as being that by which pro- 
bably much of native sulphur has been deposited, both of 
these gases being emitted from volcanoes. 
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Under sulphur dioxide directions are given for the per- 
formance of this experiment. 

Summary. 

Sulphuretted hydrogen occurs free in the gases evolved from 
volcanoes. May be prepared bypassing hydrogen into sulphur 
vapour ; also by the action of sulphuric acid on sulphides. It 
burns in excess of air to sulphur dioxide and water ; with less 
air sulphur is deposited. The sulphur dioxide produced by its 
burning may be recognised by its acfion with ammonia, and 
also on a mixture of potassium chromate and hydrochloric acid. 
Sulphuretted hydrogen is soluble in water ; is colourless, and 
has a disgusting odour of rotten eggs ; is a non-supporter of 
combustion. By the action of chlorine it is decomposed. A 
given volume of the gas contains its own volume of hydrogen ; 
its composition is determined by heating it with metallic tin. It 
possesses feeble acid properties ; certain sulphides possess 
characteristic colours by which they may be recognised. 

Sulphuretted hydrogen is also decomposed by sulphur di- 
oxide. 

Laboratory Hints. 

After the preparation of sulphuretted hydrogen wash out 
the apparatus before it is put away ; otherwise a mass of crystal 
of iron sulphate may form. Any remaining iron sulphide 
should be washed, and returned, when dry, to the jar. There 
is sometimes some difficulty, when sulphide is taken which has 
been before used, in getting the action to commence ; there 
should always be a little new sulphide added as well. The 
difficulty sometimes arises through the acid being too strong. 

In Experiment 170 take care that the tin is not allowed to 
drop into the mercury. The application of heat should be con- 
tinued for some time. 
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CHAPTER XXI. 

OXIDES OF SULPHUR. 

Three oxides of sulphur are known :— ' , 

Sulphur sesquioxide, S a Oj 
Sulphur dioxide or sulphurous anhydride, SO a 
Sulphur trioxide Or sulphuric anhydride, S0 3 
The latter two of these only will be considered in this 

work. 

Sulphur Dioxide and Sulphurous Acid. . 
Sulphur Dioxide. — Formula, SO a . Molecular 
weight, 63-9. Density, 3106. Specific gravity, 2'247. 
i 
Graphic formula, 

180. Occurrence. — This compound is a gas at ordi- 
nary temperatures, and is emitted in vast quantities from. 
volcanoes. The student is already familiar with its prepara- 
tion by the combustion of sulphur in oxygen. 

181. Preparation. — When required for laboratory use 
it is prepared by the action of some deoxidising agent on 
sulphuric acid. 

It has been already shown that zinc energetically dis- 
places the hydrogen from sulphuric acid ; but certain other 
metals, as copper, silver, and mercury, are without action, 
except on the application of heat, when chemical action 
ensues, which is probably represented by the following 
equation ;— 

Cu + HjSO^ = CuS0 4 + 2H 

Copper. Sulphuric acid. Copper sulphate. Natcmt hydrogen. 

At the high temperature the nascent hydrogen attacks a 
second molecule of sulphuric acid ; thus : — 
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2H + H s S0 4 = 2H S + SO, 

Nascent hydrogen. Sulphuric acid. Water. Sulphur dioxide. 

These successive steps in the reaction may be grouped 
together in one equation : — ■ 
Cu + 2H a S0 4 = 2H a O + CuSO, + S0 a 

Copper. Sulphuric odd. Water. Copper sulphate. Sulphur 

Sulphur dioxide may also be prepared from sulphuric 
acid by the action of charcoal , carbon dioxide, however, is 
also produced : — 

2H S S04 + C = 2SO a + CO, + 2HjO 

Sulphuric acid. Carbon. Sulphur dioiide. Carbon dioiide. Water. 

The gas being soluble in water must be collected by dis- 
placement or over mercury. For the purpose of testing the 
properties of the gas, prepare three jars in the following 



Experiment (72. — Fit up the generating apparatus shown in 

fig. as. Fig. 36, put in about 

half an ounce of 

copper turnings or 

strips, set the flask 

stand, pour in three 
ounces of strong 
commercial sulphu- 
ric acid, and apply 
heat. After a time, 
as the temperature 
increases, the liquid 
in the flaslc effer- 
vesces, and sulphur 
1 dioxide is evolved ; 
:ollect by downward 
' displacement To 

determine when the 

jar is full, hold a match near its mouth ; the gas extinguishes 
it As soon as the action commences the flame may be lowered. 
The jars and plates used must be quite dry. 



' 
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182. Properties. — At a temperature of —8° C. sulphur 
dioxide condenses to a colourless liquid, which freezes at 
— 76 C. ; at ig° C. the gas condenses with a pressure of 
2 \ atmospheres. 

Experiment 173. — Dry the gas evolved from the generating 
apparatus by passing it through concentrated sulphuric acid 



in a smaE wash-bottle ; next pass it through a spiral glass, or 
pewter worm, enclosed in a vessel containing a mixture of ice 
and salt Let the end of the spiral dip into a test-tube, which 
is also placed in some of the ice and salt mixture ; as the gas 
passes through the worm it is condensed, and collects in the 
test-tube. When a little of the liquid has accumulated, pour it 
on the bulb of an alcohol thermometer, around which cotton- 
wool has been wrapped j notice the great cold produced by the 
rapid evaporation. The gas may be retained in the liquid form 
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by hermetically sealing the tube containing it ; the upper end 
may be softened and drawn off by the blowpipe while the tube 
remains in the freezing mixture. 

Fig. 37 represents a form of the apparatus : A is the gene- 
rating flask, b the wash-bottle, c the condensing worm, and 
D the small bottle, or test-tube, in which the liquefied gas is 
collected. 

Experiment 174. — In one of the jars of gas place a burning 
taper ; it is immediately extinguished, and the gas does not take 
lire. In the same bottle pour a little litmus solution, and shake 
up ; the colour changes to red, and in a little while disappears. 

Experiment 175.— Open the second jar under water in the 
trough ; the water rushes up and fills the jar. Pass some of 
the gas, after washing in a very small wash-botde containing a 
layer of about half an inch of water, into a little distilled water 
in a beaker, in the same way as sulphuretted hydrogen was 
obtained in solution ; notice that the gas is almost entirely 
dissolved, and that the liquid acquires the taste and smell of 
the gas. 

Experiment 176.— Hold over the jet from which the gas 
is issuing a piece of paper dipped in a mixture of a solution of 
potassium chromate and hydrochloric acid ; the colour is 
changed from yellow to green. This is a convenient test for 
the presence of sulphur dioxide. 

Experiment 177.— Prepare a jar of sulphuretted hydrogen, 
and place on it the remaining jar of sulphur dioxide ; remove 
the plates ; observe that sulphur is deposited. The reaction 
was described with an equation in the last chapter. 

From experiments the student has seen that sulphur 
dioxide is a colourless gas with a strong pungent odour ; 
when diluted with air coughing and sneezing are produced 
by it ; in a concentrated form it causes suffocation. Water 
at a temperature of 15 C. dissolves 47 volumes of this gas ; 
the solution thus produced contains a true acid, sulphurous 
acid, H,SO a , which separates out in cubical crystals at o° C. ; 
this is decomposed at a higher temperature, sulphur dioxide 
escapes, and water remains ; the whole of the gas may be 
expelled from water by boiling. 

■ .Google 
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SO, + H 2 = H,S0 3 

Sulphurous anhydride. Water. Sulphurous add. 

Experiment 178. — Add to some of the sulphurous acid pre- 
viously made some barium chloride solution ; a white precipi- 
tate of barium sulphite is formed : — 

H,S0 3 + BaCl, = BaS0 9 + 2HC1 

Sulphurous add. Barium chloride. Barium sulphite. Hydrochloric acid. 

To this add a little pure dilute hydrochloric acid ; the pre- 
cipitate immediately dissolves. 

Place some of the solution away in a beaker or evaporating 
basin for a week, then add to it some barium chloride and hydro- 
chloric acid ; the white precipitate which first formed does not 
probably entirely dissolve. 

Like other gases which readily condense, sulphur dioxide 
does not implicitly follow Boyle's law (p. 29) ; the pressure 
being doubled, the volume contracts to less than one-half. 

The gas is neither inflammable nor a supporter of com- 
bustion. 

183. Bleaching Action.— The action of sulphurdioxide 
on litmus shows its acidity when in solution ; the further 
action by means of which it discharges the colour indicates 
that it possesses bleaching properties. As a bleaching agent 
it differs remarkably from chlorine ; it will be remembered 
that the latter decomposes water, seizing the hydrogen, 
and that the nascent oxygen destroys the colouring matter 
by change into bodies containing a larger proportion of that 
element. 

Colouring matters which have been acted on by chlorine 
are entirely destroyed, and cannot be reproduced ; colours . 
removed by sulphur dioxide are again restored either by 
its displacement by a stronger acid, as dilute sulphuric, or 
its neutralisation by combination with an alkali. Miller 
considers the acid to act by forming colourless compounds 
with the colouring matters. The action is also explained 
by stating that the colouring matters are reduced, the 
Cooolc 
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sulphurous acid being oxidised into sulphuric ; it is difficult, 
however, with this assumption, to explain how the addition 
of either sulphuric acid or an alkali should again restore the 
colour, as neither of these bodies is an oxidising agent. 
Sulphur dioxide is used for the bleaching of articles, such as 
silk, straw, and wool, which would be injured by the action 
of chlorine. 

Experiment 179. — Suspend in the upper part of a deflagrating 
jar a bunch of red roses, or other coloured flowers ; stand the 
jar on a dish, over a small spoon or iron plate containing some 
burning sulphur ; the sulphur dioxide, as formed, discharges the 
colour. Next dip the flowers in water acidulated with sulphuric 
acid ; the colour is restored. 

In the absence of freshly gathered flowers an infusion of red 
roses may be employed, and some of the sulphurous acid made 
in a former experiment added to it. 

Sulphur dioxide is used for the purpose of removing 
traces of chlorine from goods bleached by that agent ; sul- 
phuric and hydrochloric acids are formed by their mutual 
action, and may be afterwards removed by copious washing ; 
more usually, however, the sodium salt of sulphurous acid 
is employed r this possesses the advantage that the alkaline 
base combines with the resulting acids and forms non-cor- 
rosive salts. 

From its possessing this property, sodium sulphite is 
known commercially under the name of antichlor. Its 
action is represented in the following equation, where it is 
assumed that excess of the sulphite is used : — 
2Na,S0 3 + CI, = Na,SO, + 2NaCl + S0 2 

sulphite. sulphate, chloride. dioxide. 

184. Composition. — As the molecule of sulphur 
dioxide contains two atoms of oxygen, it yields on decom- 
position its own volume of that gas ; or on burning sulphur 
in oxygen over mercury the volume of the gas remains 
unaltered ; from the atomic weight of sulphur being (very 
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nearly) double that of oxygen, the molecular weight of 
sulphur dioxide is also double that of oxygen. 

185. Sulphurous Actd. — Sulphurous acid is dibasic, 
and forms two series of salts called sulphites : these are all 
decomposed by the action of a stronger acid, as sul- 
phuric i- 
NajSOj + HjSO, = Na a SO, + SO a + H a O 

Sodium Sulphuric Sodium Sulphur Water, 

ntpbite. acid. sulphate- dioxide. 

Summary. 

Sulphur dioxide is emitted from volcanoes, is prepared by 
burning sulphur in air or oxygen, and by action of copper or 
carbon on sulphuric acid. The gas has a pungent odour, is 
colourless, possesses a characteristic taste, and may be con- 
densed to a liquid by either cold or pressure. It is very soluble 
in water ; the solution is acid to litmus, and contains a true acid, 
forming a series of salts known as sulphites. 

Sulphurous acid acts as a bleaching agent ; the colour, how- 
ever, is restored by either the action of very dilute acid or an 
alkali. 

Laboratory Hints. 

In inserting copper strips in a flask, take care that they do 
not drop through the bottom ; the best plan is to hold the flask 
in a horizontal position and slide them in. 

In heating sulphuric acid, take every precaution to prevent 
the cracking of the flask ; for instance, do not let the flame 
play direct on the glass. Never hold the hands where there is 
any danger, in event of a breakage, of the hot acid running on 
them. Should such a misfortune, by any accident, happen, 
immediately place the burned part under a copious stream of 
water from the tap. If sulphuric acid is spilled over the 
woodwork of the bench, strew over it some whiting, and when 
the action is over let the whole be cleaned up with sawdust. 

To make a freezing mixture, pound together in a mortar two 
parts of ice and one of salt ; scrape this into the vessel con- 
taining the condensing worm for the condensation of sulphur 
dioxide. If such a condenser has to be fitted up, a deflagrating 
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jar turned bottom upwards answers very well for the outer 
vessel ; the mouth should be fitted with a cork, through which 
the end of the condensing spiral is passed. A worm made of 
pewter possesses the advantage of being unbreakable. 

Should it be desired to preserve a sample in the liquid state, 
a tube of stouter glass than a test-tube must be employed • 
it should be drawn out at the neck before being filled, so 
that the final sealing may be done more quickly. Take care, 
however, not to draw out the neck so narrow as to prevent the 
tube from the end of the condenser passing in. 



CHAPTER XXII. 

SULPHUR TRIOXIDE AND SULPHURIC ACID. 



Sulphur Trioxide.— Formula, so„. 
weight, 79'8e. Density, 3893. 



Graphic formula, 0=S£ 



186. Preparation. — Sulphur does not readily combine 
with more than two atoms of oxygen ; but by passing a 
mixture of sulphur dioxide and oxygen over ignited spongy 
platinum, sulphur trioxide is produced ; — 

2S0j + O a = 2S0 S 

Sulphur dioxide. Oxygen. Sulphur trknide 

Experiment 180. — Fit up a four-ounce flask as a wash-botde, ' 
and one-third fill it with a saturated solution of sulphurous acid 
in water. Attach to the long tube in the flask an oxygen 
generating apparatus (either a small flask or test-tube). Blow 
a bulb in the centre of a piece of combustion tubing about nine 
inches long ; draw off one end to the size of a piece of quill 
tubing, and fit a cork and leading tube to the other end. Take 
some asbestos and soak in a solution of platinum chloride ; 
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dry it and ignite in a small crucible over the Bunsen ; the 
chlorine is driven off, and a finely divided coating of platinum 
remains on the asbestos. Introduce this into the bulb of the 
tube and connect up the whole by india-rubber tubing, as shown 
in Fig. 38. Heat the oxygen tube ; the gas, in bubbling through 
the sulphurous acid, disengages some sulphur dioxide, a mix- 
ture of the two emerges and passes through the bulb tube. 
Now heat the bulb containing the platinised asbestos ; white 
fumes of sulphur trioxide issue from the tube ; convey these by 



means of a piece of glass tubing, attached with india-rubber, 
into some distilled water in a small beaker. Add to the water 
some pure hydrochloric acid and barium chloride ; an insoluble 
precipitate is formed. 

Sulphur trioxide is also produced by the action of heat 
on Nordhausen sulphuric acid ; thus — 

S0 3 

Sulphur 

187. Properties. — Sulphur trioxide, as obtained by 
either of the methods above given, is a white silky-looking 
mass, which, when purified by repeated distillations in her- 
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metically sealed tubes, is changed into a colourless liquid. 
It is devoid of all acid properties, and may be rolled 
between the dry ringers without injury. By passage through 
a red-hot tube, it is separated into oxygen and sulphur 
dioxide : — 

2S0 3 = 2SO a + O a 

Sulphur trioxide. Sulphur dioxide. Onygen. 

Sulphur trioxide is very deliquescent, and when dropped 
into water, dissolves with a hissing noise and evolution of 
great heat, forming sulphuric acid :— 

SO s + H 2 = H a S0 4 

Sulphur trioiide, or Water. Sulphuric acid, 

sulphuric anhydride. 

When the two are once united, their separation cannot 
be effected by heat alone ; for a temperature sufficiently 
high to dissociate them also decomposes sulphur trioxide 
into sulphur dioxide and oxygen. 

Sulphuric Acid. — Formula, H 2 S0 4 . Molecular 
weight, 97'82. Specific gravity of liquid, 1'846. 
Melting point, 10'S° C. Boiling point, 338°. 

188. Importance. — There is no other compound, with 
the exception of water, which is of such importance to the 
chemist as sulphuric acid. The frequency of its application 
to various purposes in the preceding chapters will have given 
the student some idea of its usefulness,, and have rendered 
him familiar with its appearance, many of its properties, and 
its composition. It holds an equally important position in 
the chemical manufactures as in the laboratory. Its prepa- 
ration is the starting-point in the manufacture of hydro- 
chloric acid, sodium carbonate, nitric acid, and many other 
bodies of value in the arts. 

189. Preparation. — Sulphurous acid, when exposed 
to the atmosphere, is gradually oxidised to sulphuric acid, 
as was proved by an experiment described in the preceding 
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chapter, where directions are given for some sulphurous 
acid to be left in an open evaporating basin for a week. A 
solution of barium chloride is employed as a test for sul- 
phuric acid, with which it forms a white precipitate, insoluble 
in acids :— 

H a S0 4 + BaClj = BaSO, + 2HC1 

Sulphuric arid. Barium chloride. Barium sulphate. Hydrochoric add. 

The same precipitate is formed when barium chloride is 
added to a solution of a soluble sulphate. Barium chloride 
also produces a precipitate with sulphurous acid, which is, 
however, soluble in hydrochloric acid. In this way the 
two acids are distinguished from each other, and sulphuric 
acid detected in the other's presence. 

The change of sulphurous into sulphuric acid is produced 
more rapidly by the aid of oxidising agents. 

Experiment 181. — To a little sulphurous acid, free from 
sulphuric acid, add a few drops of pure concentrated nitric 
acid ; heat gently in a test-tube ; add some hydrochloric acid 
and barium chloride : a white precipitate of barium sulphate is 
formed. 

The action of the nitric acid is thus represented : — 

HsSOj + 2HNO a = H a S0 4 + 2NO a + H 2 

Sulphurous Nitric Sulphuric Nitrogen Water. 

190. Composition of Acids. — Sulphurous acid may 
be also oxidised by the action of hydroxyl. This reaction 
is of some theoretical importance, as many chemists view 
the acids as a class of bodies in which the hydrogen 
exists as semi-molecules of hydroxyl. Frankland, to whom 
we are indebted for a systematic nomenclature which indi- 
cates the constitution of bodies, writes the formula of sul- 
phuric acid, SOjHoj. Ho is here used to represent the 
semi-molecule of hydroxyl, the small 2 qualifying both the 
hydrogen and oxygen. The same formula is conveniently 
written S0 5 (HO)i. The constitution of oxy-acids is repre- 
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sented according to this theory by the following graphic 
formulse : — 

Q. ,0-H \/o_ w ^ 

J$( 0=S<° H IN-O-H 

O^ X)— H O— H <K 

Sulphuric acid. Sulphurous acid. Nitric acid. 

The peculiar interest of the oxidation of sulphur dioxide 
into sulphuric acid by hydroxyl depends on the fact that it 
may be regarded as an instance of direct union between the 
two compounds ; thus — 

SO, + H a O a = S0 3 (HO) 3 

Sulphur diouids. Hydroxy]. Sulphuric acid. 

The reaction may also be expressed by an equation in 
which sulphurous acid is oxidised by the second atom of 
oxygen in hydroxyl : — 

H a S0 3 + H e Oa = H 2 S0 4 + H a O 

Sulphurous acid. Hydroxyl. Sulphuric acid. Water. , 

191. Direct Oxidation of Sulphur. — Sulphur itself, 
when moistened, is in part gradually oxidised into sulphuric 
acid ; by prolonged boiling with nitric acid, the whole be- 
comes oxidised. 

S a + 12HN0 3 = 2H a SO, + 12N0 2 + 4H a O 

Sulphur. Nitric acid. Sulphuric add. Nitrogon ptroiide. Wat?r. 

Nitric acid has a similar action on some native sulphides. 

192. Manufacture.— Sulphuric acid is always manu- 
factured on the large scale by the oxidation of sulphur 
dioxide in the presence of water. The reactions - involved 
are of great beauty and interest The vapour of nitric acid 
is passed into a chamber with sulphur dioxide, air, and 
steam. As shown in a previous experiment, the nitric acid 
is deoxidised into nitrogen peroxide, with the formation of 
sulphuric acid. A reaction now ensues between the nitrogen 
peroxide and some more sulphur dioxide, more sulphuric 
acid is produced, and the nitrogen peroxide is reduced to, 
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nitrogen dioxide. The student will remember that in the 
presence of air this colourless gas is immediately changed 
into the ruddy fumes of the trioxide and peroxide. Thus, 
higher oxides of nitrogen are again formed, and are capable 
of oxidising more sulphur dioxide. Sulphur dioxide does 
not readily combine with oxygen, but is immediately oxidised 
by nitrogen peroxide. The dioxide unites directly with 
oxygen, and so acts as a carrier of oxygen from the air to 
the sulphur dioxide. A small amount of nitric acid is thus 
capable of producing an indefinite quantity of sulphuric 
acid. The whole series of changes is shown in the follow- 
ing equations : — 

SO ? + 2HN0 3 = H S S0 4 + 2NO s 

Sulphur dioxide Nitric add. Sulphuric add. Nitrogen peroxide. 

SO, + NO, + H.O = H,SO, + NO 

Sulphur Nitrogen Water. Sulphuric Nitrogen 

dioxide. peroxide. a ci d. dioxide. 

8NO + 30, = 2N a 3 "+ 4N0, 

Nitrogen dioxide. Oxygen. Nitrogen trioxide. Nitrogen peroxide. 

The proportions of higher oxides are not constant, but 
depend on the quantity of oxygen present 

The above equations represent, in the simplest form, the 
action which takes place. In the absence of water a pecu- 
liar crystalline compound is produced, which may be repre- 
sented by the formula S s o (NO,) s . This is immediately 
decomposed by water, with the formation of sulphuric acid 
and liberation of nitrogen trioxide : — 
S s O.(NO,), + 2H a O = 2H.jS0 4 + N a 3 

t' j-ttalliiK compound. Water. Sulphuric acid. Nitrogen trioxide. 

Experiment 182 In order to study the reactions above 

explained, tit up the following apparatus : To a dry 32-ounce 
flask fit a cork, through which bore five holes, and pass through 
each a piece of glass tubing bent at right angles, four of which 
reach to about the middle of the flask ; to these attach respec- 
tively, by india-rubber tubing, an apparatus for the generation 
of nitrogen dioxide, another evolving sulphur dioxide, a bag 
containing air, with a weight on the top, and. a flask for the 
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production of steam. Through the fifth hole a tube is passed, 
which just enters the flask. This is provided for the escape of 
the w;i.stej;ases ; it should be larger than the others, and have a 
tube leading from it into a flue or stink-cupboard. Instead of 
having generating flasks for the sulphur and nitrogen oxides, it 
is a far more convenient plan to prepare these gases previously, 
and store them in little gas-holders or bladders ; a dry bullock's 
bladder, through the neck of which a glass tube is passed, 
answers very well for the sulphur dioxide ; the nitric oxide 
may be kept in a little gas-holder over water. A screw tap 



should be placed on the india-rubber tubing connecting each of 
these to the flask. If this form of the apparatus is used, the 
student's attention is not required in watching and regulating 
the evolution of the gases, but instead he can observe minutely 
the reactions taking place in the flask. The flask or other 
vessel in which the water is being boiled should have another 
outlet provided for the steam ; this may conveniently consist of 
a tube leading to the bottom of a beaker in which there are 
about four or five inches of water. When the connection be- 
tween the water flask and the other is closed, the steam forces 
its way through the water in the beaker; when this pipe is 
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Opened the steam takes the channel offering least r 
viz. into the flask. Fig. 39 shows the whole arrangement. A is 
the flask in which the reaction goes on ; B is a bladder contain- 
ing sulphur dioxide under a weight ; c a gas-holder containing 
nitric oxide ; D is the water flask with escape tube leading into 
beaker ; E conveys air. from gas bag not shown in figure ; F is the 
exit tube for the waste gases. A description of the gas-holder 
is given in the laboratory hints for this chapter. The flask 
having been thoroughly dried, and everything being in readiness, 
allow a slow current of air, sulphur dioxide, and nitric oxide to 
pass into the flask ; the ruddy fumes at first formed disappear, 
and a crystalline deposit is observed on the sides of the flask. 
Now shut off the whole of these and admit steam ; the crystal- 
line compound disappears, nitrous fumes are evolved, and sul- 
phuric acid condenses and collects at the bottom of the flask. 
Then re-admit sulphur dioxide, and in the presence of steam 
the nitrous fumes disappear ; add air, they are again formed ; 
keep up a slow current of all the bodies, sulphuric acid collects 
at the bottom of the flask ; take out a few drops of the liquid ; 
test in the usual way with barium chloride and hydrochoric 

Place the remainder in an evaporating basin and apply heat ; 
at first water is given off; finally dense suffocating fumes of 
sulphuric acid are evolved ; remove the flame immediately 
these are perceived ; a thick, oily-looking liquid remains. 

In the manufacture of sulphuric acid the sulphur dioxide 
is usually produced by roasting sulphur ore (iron sulphide) 
in a furnace ; in this way a mixture of sulphur dioxide and 
air is formed. In Fig. 40, a, a represent these furnaces ; 
a pot b is placed in the current of heated gases : this con- 
tains a mixture of sodium nitrate and sulphuric acid, from 
which nitric acid is evolved. A mixture, therefore, of air, 
nitric acid, and sulphur dioxide is conveyed into the 
chamber r, f, made of timber framing lined with sheet 
lead. Steam is generated in the boiler e, and conveyed by 
jets c, c, into the chamber. The floor d, d, is covered by a 
layer of water, which condenses the acid. In some manu- 
factories, instead of placing a mixture of sodium nitrate and 
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sulphuric acid in the pot b, the acid only is placed in at 
first, and a solution of the nitrate added in a small stream ; 
in this way a more constant and gradual evolution of nitric 
acid is maintained. The acid chambers vary from 150 to 
300 feet in length ; they are about 12 or 15 feet high, and 
from 15 to 20 wide. From the waste flue c nothing but 
nitrogen from the air and nitric oxide should escape. The 
liquid which condenses at the bottom of the chamber is too 
dilute for most purposes, and is concentrated by evaporation 
in leaden pans until it contains only about one-fifth of its 



weight of water ; at the temperature required for the expul- 
sion of the remaining water, the leaden pans would probably 
melt ; the furlher concentration is effected either by heating 
in vessels of glass or of platinum. 

193. Nordhausen Sulphuric Acid.— Nordhausen 
sulphuric acid may be looked on as a compound of a mole- 
cule of ordinary sulphuric acid with a molecule of sulphur 
trioxide : it is named after a town in Saxony, where it is 
prepared in large quantities by first drying ferrous sulphate, 
and at a stronger heat decomposing it. Supposing the 
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whole of the water were removed before the decomposition 
of the salt, the change might be thus represented : — 

FeSO, = FeO + SO, 

Ferrous sulphate. F<rrous onide. Sulphur trioiide. 

It is impossible, however, to first drive off the whole of 
the water, and a portion of the sulphur trioxide being 
hydrated, the remainder is dissolved :— 
2FeSO« + H,0 = 2FeO + H,S0 4 , S0 3 , or HjS.O, 

Ferrous sulphate. Water. Fcirous oxide, Nordhamen sulphuric acid. 

The molecule of sulphur trioxide, in Nordhausen sul- 
phuric acid, being only held in feeble combination, is readily 
driven off by heat. 

I94. Properties. — Sulphuric acid in the pure state is 
a colourless, odourless liquid of oily consistency. It has a 
specific gravity of r842, and boils at about 338 C. ; the 
high temperature of the boiling point renders the acid spe- 
cially suitable for the preparation of the more volatile acids, 
as nitric acid, from their salts ; any excess of sulphuric acid 
and the resultant sulphate formed, being non-volatile at 
the temperature at which nitric acid boils, are thus easily 
separated. 

Sulphuric acid has a very great attraction for water, with 
which it forms definite compounds ; the union of the two is 
attended with evolution of great heat. 



Experiment 183. — Place not more than a cubic c 
of water in a test-tube, and add to it the same quantity of the 
concentrated acid ; observe the heat developed, testing with a 
thermometer if one be available. 

Expeiiment 184. — Place a small quantity of sulphuric acid 
in an evaporating basin, and let it remain for a week ; notice 
t'.iat at the end of that time the acid will have increased in 
volume from the absorption of moisture from the air. 

From the avidity with which sulphuric acid absorbs 
water, it is largely used in the laboratory as a drying agent 
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for gases. It also attacks most organic bodies, removing 
from them the elements of water ; the preparation of carbon 
monoxide from oxalic or formic acid is an example of this 
action. When bodies have an excess of carbon, that ele- 
ment is deposited in the free state, as is the case with sugar. 
Experiment 185. — Prepare a concentrated solution of sugar 
in water and about one-eighth fill a beaker with it ; add all at 
once twice the volume of sulphuric acid ; the mixture suddenly 
froths up, with great heat ; a charred carbonaceous mass re- 

Experiment r86. : — With dilute sulphuric acid make some 
marks on a piece of writing paper, and dry it at a gende heat ; 
as the water evaporates the acid carbonises the paper. 

Sulphuric acid, being a dibasic acid, forms two well- 
marked series of salts, the one of which is normal ; the 
other, still containing half the hydrogen, is acid. 

At a white heat the acid is decomposed into water, 
sulphur dioxide, and oxygen. 

Summary. 

Sulphur ttioxidi is a non-acid body produced by the union 
of sulphur dioxide with oxygen ; the two combine when passed 
over red-hot spongy platinum. It has no action on litmus, but 
has a great affinity for water, with which it produces sulphuric 
acid. 

Sulphuric acid is a compound of great importance : it is 
formed by the oxidation of sulphurous acid either by the atmo- 
sphere or oxidising agents, as nitric acid, or hydroxyl. 

Oxy-acids are considered by some chemists to contain 
hydroxyl. In oxidation by nitric acid the nitrogen peroxide 
formed oxidises, a further quantity of sulphurous acid being re- 
duced to nitric oxide, which is immediately reconverted into the 
higher oxide by the oxygen of the air. Sulphuric acid is manu- 
factured by the reactions occurring between sulphur dioxide, 
oxygen, nitric acid, and steam. The dilute acid is concentrated 
by evaporation. Nordhausen sulphuric acid is prepared by 
heating ferrous sulphate. Sulphuric acid is a colourless, odour- 
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less liquid, having a great attraction for water. Being a dibasic 
acid it forms two series of salts called sulphates. 

Laboratory Hints. 
The apparatus necessary for Experiment 182 should be ob- 
tained from the general apparatus in the laboratory. The cork 
fitted to the large flask should be soaked in melted paraffin. 
The instrument makers sell bladders, which may be used for the 
sulphur dioxide ; a bullock's bladder, however, answers equally 
well. To fit it up, soften the neck by soaking in water, pass a 
piece of glass tubing through, and bind round firmly with thin 
copper binding wire ; the bladder must be dry when used, as 
otherwise the sulphur dioxide is dissolved. Do not fill it long 
before required for use, and, when done with, squeeze out any 
gas which remains; blow out the bladder with air and again 
empty ; this will get rid of the sulphur dioxide ; the bladder 
should be put away full of air. In arranging the bladder under 
a weighted board, take care that it is so fixed that there is no 
danger of the weight rolling on to the other parts of the appa- 
ratus. The air may be stored in a similar bladder, or if there 
be an oxy-hydrogen lime-light apparatus at hand the oxygen 
bag may be used ; after the experiment completely empty the 
bag. The little gas-holder recommended for the nitric oxide is 
a very useful piece of apparatus in the laboratory. To prepare 
one take a deflagrating jar holding three pints or two quarts ; fit 
to the top a paraffined cork, through which bore a hole and pass 
a bent piece of glass tube. Get a beaker or other vessel an inch 
or two higher than the jar, and of such a size that it easily slides 
up and down in it ; fill this with water, and slip over the glass 
leading tube a piece of india-rubber tubing and a screw tap. To 
fill the jar, attach the g.is generating apparatus to the tube ; the 
jar as it fills rises higher j when filled, shut off the screw tap : 
the weight of the jar is sufficient to force the gas out of the 
holder as required. 
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CHAPTER XXIII. 

BROMINE, IODINE, AND FLUORINE. 

195* The Halogens. — The three elements, bromine, 
iodine, and fluorine, together with chlorine already de- 
scribed, constitute the group known as the ' halogens.' As 
most acids are oxy-acids, their corresponding salts must 
contain oxygen ; but the halogens yield salts which are 
binary compounds by direct union with the metals. These 
salts, from their similarity to sea-salt, are termed 'haloid' 
salts, and hence the name halogens given to the elements 
from which, by combination with the metals, they are 
produced. 

The relations of the members of this group to each 
other are very interesting, but may be studied much better 
after some knowledge is gained of the elements themselves. 

Bromine. — Symbol, Br. Atomic weight, 79-75. 
Density, 7975. Specific gravity as gas, 6-51; as 
Liquid, 3-18, Moleoalar weight, Br a , I5B-5. Mole- 
cular volume, I - " 17 "!- 

196. Occurrence. — Like chlorine, this element is 
never found free in nature, but in combination with other 
elements, usually either sodium, potassium, or magnesium. 
Balard, in 1826, discovered bromine in the mineral matter 
contained in sea-water; it also occurs in certain mineral 
deposits, particularly in the vast salt deposits of Stassfurt, 
in Germany. 

107. Preparation.— The first step in the preparation 
of bromine is to separate the bromides from the chlorides 
with which they are associated. The solid salts are dis- 
solved, and then concentrated by evaporation ; the chlorides, 
being less soluble, first crystallise out and leave a mofher- 
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liquor in which the bromides predominate. There are two 
reactions by which bromine may be obtained from this 
liquid. If chlorine be passed through the solution, bromine 
is liberated according to the following equation :— 

2KBr + CI. = 2KC1 + Br, 



The bromine at first set free imparts a reddish-brown 
colour to the solution. On shaking .this with ether the 
bromine is dissolved, and its ethereal solution rises to the 
surface, and may be poured off from the watery layer under- 
neath. On this ethereal solution being treated with potas- 
sium hydrate, its red colour disappears, bromide and bro- 
mate of potassium being formed : — 

Br„ + 6KHO = 5KBr + KBrO, + 3H s O 



The ether may be distilled off and re-collected ; the 
solid residue of bromide and bromate is ignited in order to 
decompose the bromate, which splits up into bromide and 
oxygen in the -same manner as does potassium chlorate. In 
this way potassium bromide is obtained ; the bromine may 
again be liberated by gently heating the bromide with 
manganese dioxide and sulphuric acid, when an analogous 
reaction occurs to that which takes place when a chloride 
is similarly heated : — 

2KBr + 3H,SO« + MnO a = 

Potassium Sulphuric Manganese 

bromide. acid. dioxide , 

2KHSO, + MnSO t + Br a + 2H,0 



At times the mother-liquor, instead of being treated 
with chlorine, is evaporated down to dryness, and the resi- 
due mixed direct with sulphuric acid and manganese 
dioxide ; but in this case, as chlorides are always present in 
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greater or less quantity, the bromine is liable to bo con- 
taminated with chlorine. 

Experiment 187. — Take some potassium bromide, dissolve 
it in water, and pass chlorine gas through the solution ; notice 
that the colour deepens through the liberation of the bromine. 
After some time two-thirds fill a large test-tube with the 
solution and thoroughly cool by holding under a stream of cold 
water. Next add some ether, close firmly with the thumb, and 
shake the tube; then hold the tube still for the ether to collect 
at the surface, keeping the top closed all the while with the 
thumb until the two liquids have completely separated from 
each other. Notice that the ether leaves the watery solution 
almost colourless. (If the solution of bromine in ether is too 
concentrated it falls to the bottom ; in this case add more ether 
and again shake.) Pour off the ethereal solution ; and, shaking 
up after each addition, add potassium hydrate solution until 
the colour disappears. Evaporate the solution to dryness and 
ignite ; potassium bromide remains. 

Experiment 188. — Powder some potassium bromide, mix 
with manganese dioxide ; place the mixture in a test-tube and 
add concentrated sulphuric acid. Heat very gently ; bromine 
vapour is given off in abundance and collects in the upper part 
of the tube. Make this experiment in th&£fc£B^h*t.V , e><L. 

198. Properties. — Bromine at ordinary temperatures 
is a dark red liquid, so heavy that glass floats readily in it. 
It gives off a deep reddish-brown vapour at ordinary tem- 
peratures, with a smell resembling that of chlorine, only far 
more intense. Tiromine freezes at — 22 C. and boils at 63 C. 
Water dissolves bromine ; the solution possesses bleaching 
powers, but not to such an extent as chlorine. In this, as in 
its other reactions, bromine and chlorine closely resemble 
each other ; but bromine is the less active of the two, and 
is displaced from its compounds by chlorine. 

Bromine combines with hydrogen to form a colourless 
fuming gas, hydrochloric acid, HBr, very similar to hydro- 
chloric acid. The bromides in appearance and properties 
closely resemble the chlorides. 

>, Google 



Bromine and Iodine. 235 

Bromine vapour closely resembles nitrogen peroxide in 
appearance : the following tests distinguish trie one from 
the other. On shaking with a small quantity of ether, 
bromine is dissolved, and imparts its characteristic tint to the 
ether j nitrogen peroxide does not affect the colour. If to 
the bottle or jar containing bromine vapour a solution of 
potassium hydrate be added, the colour is removed. If 
this solution be very slightly acidulated by the addition of 
dilute nitric acid, and then silver nitrate added, there is a 
precipitate of silver bromide. Similar treatment causes no 
precipitate with nitrogen peroxide. 

Bromides may be readily detected by the reaction with 
sulphuric acid and manganese dioxide which liberates 
bromine in the free state. 

Iodine. — Symbol I. Atomic weight, 126-53. Den- 
sity, 126-53. Speotflo gravity as gas, 874 ; as solid, 
4-95. Molecular weight, I s , 263*06. Molecular 
volume, f -1- ]- 

199. Occurrence. — Iodine, as well as bromine and 

chlorine, is found in sea-water, but in much smaller quanti- 
ties. There are certain varieties of sea-weed which absorb 
the iodides and store them up in their tissues ; from these 
the iodine of commerce is procured. 

200. Preparation. — Such sea-weeds as are sufficiently 
rich in iodides are dried and then burned ; the ashes con- 
stitute the substance known as kelp. This kelp is next 
treated with sulphuric acid and manganese dioxide, when 
iodine is liberated, according to the equation— 

2NaI + 3H 2 S0 4 + MnO, = 

Sodium iodide. Sutphunc acid. Manganese dioxide. 

SNaHSO., + MnSOj + Br a + 2H a O 

Hydrogen Manganese Bromine. Water, 

sodium sulphate. sulpnate. 
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It should be observed that chlorine, bromine, and iodine 
are liberated from the chlorides, bromides, and iodides by a 
precisely similar reaction. 

Experiment 189. — Mix some powdered potassium iodide 
with manganese dioxide and concentrated sulphuric acid in a 
small retort. Heat gently ; purple vapours arise and condense 
to a blue-black solid on the neck of the retort. 

201. Properties. — Iodine is at ordinary temperatures 
a dark coloured (blue-black) solid, which gives off small 
quantities of vapour of a splendid violet tint. At ir5°C. 
iodine melts, and boils at a temperature of 200°. The 
violet tint of the vapour is then almost so dark as to appear 
black. The vapour possesses an odour resembling that 
of chlorine ; this odour may be distinguished on smelling 
the substances at ordinary temperatures. Iodine is slightly 
soluble in water, to which it imparts a light sherry tint ; it is 
much more soluble in solutions of potassium iodide, and 
also in alcohol and ether. AH these solutions are brown 
in colour. Iodine also dissolves in carbon disulphide, to 
which it imparts a violet tint resembling that of its vapour, 

In chemical reactions iodine closely resembles bromine 
and chlorine, but is less active than these elements ; conse- 
quently iodine may be liberated from the iodides by the 
addition of either bromine or chlorine. On the other hand 
the oxygen compounds of iodine are much more stable than 
those of bromine and chlorine. 

Iodine is characterised by yielding a most remarkable 
reaction with starch. The addition of a minute trace of 
free iodine colours starch solution a deep blue. The colour 
vanishes on boiling, but reappears as the liquid cools. 
Iodine when in a state of combination does not give this 
reaction. 

Experiment 190. — Prepare some starch solution by taking a 
small quantity of starch and shaking up with a test-tube full of 
cold water. Immerse this tube in a beaker of boiling water until 
the Starch gelatinises, stirring it meanwhile. As soon as the 
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thickening occurs, remove the tube and stand it in cold water 
until at the normal temperature. 

To a small portion of the starch solution add a drop of 
solution of iodine in water ; notice the blue coloration. Heat 
to boiling ; note its disappearance and subsequent reappear- 
ance as the liquid cools. 

To another portion of starch solution add some potassium 
iodide ; there is no coloration. Add next a drop of aqueous 
solution of bromine ; a blue colour at once forms as a result of 
the liberation of free iodine. Repeat the experiment, using 
chlorine water instead of bromine ; the same effect is produced. 
Add the solutions of bromine and chlorine to separate portions 
of the starch solution ; neither of these produces the blue 
coloration. 

Iodine and hydrogen unite to form hydriodic acid, HI, 
which in general properties and behaviour resembles hydro- 
chloric and hydrobromic acids. The iodides are very 
similar to the corresponding bromides and chlorides. 

Fluorine. — Symbol, F. Atomic weight, 19*1. 

202. Occurrence. — Fluorine occurs in nature in com- 
bination with calcium in fluor spar (calcium fluoride), CaF„ 
and also in another mineral named cryolite. The teeth of 
animals also contain traces of fluorine. 

203. Properties. — Fluorine is such an exceedingly 
active element that it is impossible to obtain it in the free 
state. Whenever liberated by any chemical reaction it 
immediately attacks the vessel in which it is contained. 
Little, therefore, is known about this element. 

204. Hydrofluoric Acid, HR— This is the most 
important compound of fluorine, and, like hydrochloric 
acid, may be prepared by the action of sulphuric acid or 
one of its salts, as calcium fluoride. The acid is a gas 
soluble in water, and most corrosive in its action. The 
characteristic property of hydrofluoric acid is that it attacks 
and dissolves glass and other compounds of silica. If glass 
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be covered with a thin coating of wax, and then a design 
scratched on the surface with a needle, hydrofluoric add 
dissolves the glass where the wax has been removed, and so 
produces a permanent etching of the design on the surface 
of the glass. 

Experiment 191.— Warm a piece of glass and coat it with 
wax by letting a little melt on the surface and draining off the 
excess. When cool write on this coating with the point of a 
needle. Mix in a small lead dish some powdered fluor spar 
and concentrated sulphuric acid ; warm very gently ; pungent 
acid fumes are evolved. Lay the glass plate with its etched 
face downwards on the top of the dish and let it remain for 
about five minutes. Remove the plate and clean from the wax; 
notice that the writing is permanently bitten into the glass. 

In this reaction the calcium fluoride is decomposed 
according to the following equation : — 

CaF 2 + H 2 S0 4 = CaS0 4 + 2HF 

Calcium Sulphuric .Calcium Hydrofluoric . 

205. Review of the Halogens.— It will be seen that 
the members of this group of elements are characterised by 
possessing a remarkable similarity to each other. The con- 
nection between chlorine, bromine, and iodine is much closer 
than that with fluorine. Of these first three elements 
chlorine is a gas, bromine a liquid, and iodine a solid at 
ordinary temperatures. The density of the series increases 
with chlorine as the lowest and iodine as the highest. The 
chemical activity diminishes with the increase in density. 
Fluorine has a lower atomic weight than chlorine, and 
possesses greater chemical activity. The salts of these 
elements are very much alike ; those of the same metal 
commonly crystallise in the same form. 

Summary. 
The group called halogens consists of chlorine, bromine, 
iodine, and fluorine. 
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Bromine is a dark red coloured liquid evolving vapours of 
the same colour, occurs in sea-water, and is obtained from the 
bromides by action of sulphuric acid and manganese peroxide. 
Bromine is similar in general behaviour to chlorine, but possesses 
less activity, and may be displaced from its compounds by 
chlorine. 

Iodine is a dark grey solid which when warmed evolves deep 
violet-coloured vapours. Iodine is found in the ashes of sea- 
weeds, and is obtained by treatment with sulphuric acid and 
manganese dioxide. Iodine also resembles chlorine in chemical 
behaviour, but is even less active than bromine. Iodides are 
decomposed by either free bromine or chlorine. Iodine is 
characterised by imparting a deep blue colour to starch 
solution : it only possesses this property when in the free state. 

Fluorine is so active that it is unknown in the free state : its 
principal compound is hydrofluoric acid, which possesses the 
property of dissolving glass. 

Laboratory Hints. 

Remember that ether is very inflammable, and that it 
evolves vapour with great rapidity; the vapour mixed with air 
is explosive ; in consequence great care must be exercised in 
bringing a light near ether. Small quantities only should be 
used at a time. A store-bottle should be kept and a small one 
filled from it in a room where there are no lights burning. 

As bromine vapour possesses such an overpowering smell, 
take care to get as little as possible of it about the room ot 
laboratory. 

In making a starch solution take care not to have it too 
thick ; it should be sufficiently dilute to pour as readily as oil. 

Hydrofluoric acid is very corrosive ; care must therefore be 
taken that none of it gets on the skin. 
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CHAPTER XXIV. 

PHOSPHORUS AND SILICON. 

Phosphorus. — Symbol F. Atomic weight, 30"96. 
Density, 61*92. Specific gravity of ordinary variety, 
1-83. Molecular weight, 12384. Molecular volume, 

EG- 

Phosphorus is distinguished from all other elements we 
have so far described by there being four instead of two 
atoms in the molecule 

206. Occurrence.— Phosphorus is not found free in 
nature, but occurs in many igneous rocks ; thus minute 
crystals of minerals containing phosphorus maybe discerned 
by the microscope in granite. These rocks, by their de- 
composition, produce soil which also contains phosphorus 
as phosphates. These are assimilated by plants and are 
found especially in the seeds ■ thus considerable quantities 
of phosphorus occur in wheat. In their turn animals as- 
similate the phosphates of vegetable food, and use them in 
building up certain compounds occurring in the brain and 
elsewhere, but more especially in the formation of bone, 
the mineral part of which, or bone-ash, consists largely of 
calcium phosphate. From this compound the phosphorus 
of commerce is prepared. 

207. Preparation.— The first step in the preparation 
of phosphorus is to mix bone-ash with two-thirds of its 
weight of sulphuric acid diluted with water. Calcium 
phosphate is insoluble, but under this treatment is trans- 
formed into a soluble acid-phosphate, commonly known as 
superphosphate of lime. The following equation represents 
the change which occurs : — 
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Ca 3 (PO,)j + 2H,S0 4 = CaH^POJ, + 2CaSC- 4 

Calcium Sulphuric Calcium Calcium 

phosphate, acid, hydric phosphate, sulphate. 

The calcium sulphate is allowed to settle and then the 
clear solution of acid phosphate is evaporated down to the 
consistency of a syrup and mixed into a paste with powdered 
charcoal. This is dried and then heated to low redness in 
an earthenware retort, the stem of which dips under water. 

The first result of the application of heat is that the 
acid or hydric -phosphate loses its water, being converted 
into a salt known as the metaphosphate : — 

CaH 4 <P0 4 ), = Ca(P0 3 ) 3 + 2H a O 

Calcium Calcium Watei. 

hydric phosphate. xnctaphospoate. 

The metaphosphate is at the high temperature decom- 
posed by the charcoal ; thus :— 
3Ca(P0 3 ) a + IOC = P 4 + Ca 3 (PO<) 3 + 10CO 

Calcium Carbon. Phosphorus. Calcium Carbon 

metaphosphate. phosphate. monoxide. 

The phosphorus thus produced distils over, and is puri- 
fied by re-distillation and squeezing through wash-leather 
under warm water. 

208. Properties. — Phosphorus is an almost colourless 
(slightly yellow) and transparent solid, having at ordinary 
temperature the consistency of bees'-wax, and may be cut 
with a knife. At the freezing point it becomes considerably 
harder and more brittle ; it then shows on being broken 
evidences of crystalline structure. Phosphorus melts at a 
temperature of 44-3° and boils at 290° C. ; the vapour is 
colourless. When exposed to the air phosphorus is seen 
to evolve small quantities of smoke, and in the dark is dis- 
tinctly luminous. From this property it has received its 
name, which signifies light-bearer. The fumes emitted con- 
sist of phosphorus trioxide, P s O a , and the light is due to slow 
combustion of the phosphorus. This element is character- 
ised by its great inflammability ; at a temperature of about 
44°, a very little over its melting point, it takes fire, and, as 
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the student already knows, burns brightly with the formation 
of phosphorus pentoxide. Phosphorus is easily ignited by a 
slight amount of friction. Phosphorus is insoluble in water, 
slightly soluble in alcohol or ether, and readily soluble in 
carbon disulphide. Owing to the readiness with which it 
undergoes oxidation, phosphorus is kept under water, which 
liquid it does not decompose. 

Experiment 192. — Cut some phosphorus, under water, into 
small fragments and carefully wipe them thoroughly dry. Add 
carbon disulphide to them in a test-tube ; notice that the phos- 
phorus dissolves readily and completely. Pour a few drops of 
the liquid on a dry crumpled newspaper ; the liquid rapidly 
evaporates and leaves a residue of finely divided phosphorus. 
This oxidises so rapidly that it takes fire spontaneously and also 
ignites the paper. 

209. Red or Amorphous Phosphorus.— In addition 
to the yellow variety, phosphorus occurs in another totally 
distinct form, known as red or amorphous phosphorus. If 
ordinary phosphorus be maintained at a temperature of 240° 
for some time, it is more or less completely changed into 
an opaque reddish mass, without any alteration of weight. 
This, on purification from the ordinary form, constitutes 
amorphous phosphorus. This modification differs most 
remarkably from the yellow kind. It is not luminous when 
exposed to air, does not oxidise, and so need not be kept 
under water. It remains solid up to a temperature beyond 
250', and does not take fire when heated in the air until 
260° is reached. At this point it becomes changed into the 
yellow variety, and burns. If the heating be conducted in a 
retort filled with carbon dioxide, so as to prevent combus- 
tion, the same weight of yellow phosphorus is produced, 
proving most clearly that the two varieties are only allotropic 
modifications of one and the same element. Further, both, 
on being burned, produce the same weight of phosphorus 
pentoxide. Amorphous phosphorus is insoluble in carbon 
disulphide. 
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The change from the yellow to the red variety is much 
hastened by the presence of iodine in small quantities. 

Experiment 193. — Place a piece of phosphorus, the size of a 
pea, in a. long and narrow test-tube, drop on it a very small frag- 
ment of iodine ; combination at once occurs with the formation 
of a small quantity of phosphorus iodide. Heat gently ; the phos- 
phorus melts and takes fire, but soon exhausts the whole of the 
air in the tube ; continue to warm gendy for a little time and 
most of the phosphorus will be seen to become of a dark-red 
colour. Cork up the tube and allow it to cool." When quite 
cold pour some carbon disulphide into another tube and put 
away the bottle, and then from the tube pour the disulphide on 
to the altered phosphorus. Cork up and allow the tube to stand 
for some time, giving it an occasional shake. Pour off the 
carbon disulphide, and a iesidue of amorphous phosphorus 



Take a little commercial red phosphorus and note the 
absence of odour, also its non-luminosity. Heat it on a sand- 
bath or in an iron spoon ; note that it requires to be heated to a 
high temperature before it commences to bum. 

Phosphoretted Hydrogen. — Formula, ph 3 . 
Molecular weight, 33'96. Density, 16'98. Specific 
gravity, 1-17. 

210. Preparation. — On boiling a strong solution of 
caustic soda or potash with phosphorus, a spontaneously in- 
flammable gas is evolved, having the odour of putrid fish, 
and approximately the composition PH 3 . This gas is phos- 
phoretted hydrogen or phosphine. 

Experiment 1 94.— Fit to an eight-ounce flask a cork and rather 
large delivery tube with its end leading into a pneumatic trough 
containing water, and arrange in a retort stand.' In the flask 
place a few fragments of caustic potash together with some small 
pieces of phosphorus and a little water. Pass coal gas into the 
upper part of the flask, so as to completely displace the whole of 
tlie air ; then cork up tightly. Gently heat the flask ; bubbles 
of gas arise and displace the coal gas. In a short time, each 
bubble as it rises to the surface of the water in the trough bursts 

K2 
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into flame and generates an extremely beautiful vortex ring of 

At this stage collect over the trough a jar of the gas and 
having tightly corked it expose for some days to the light The 
inside of the jar will be found to be covered with a yellow film ; 
and if it be opened the gas will be found to have lost its property 
of spontaneous inflammability. Apply a light ; it bums with 
readiness. 

The reaction by which phosphoretted hydrogen is thus 
produced is a somewhat complicated one, and may be thus 
expressed :— 

P 4 + 8KH0 + 3H a O = 3KH a PO s + PH, 

Phosphorus. Potaxium Water. PoB»iuin Phosphortlted. 

hydralc. bypophoapliite. hydrogen. 

In addition to the phosphoretted hydrogen, PH 3 , traces 
of another phosphide of hydrogen, P a H 4 , are formed. It 
is the presence of these which cause the gas to inflame 
spontaneously. The gas on standing loses this property, 
because the second phosphide, P a H 4 , suffers decomposition. 

In the above method of preparing the gas, milk of lime 
(i.e. lime suspended in water) may be employed instead of 
caustic potash. 

211. Properties. — Phosphoretted hydrogen is a 
colourless gas with an unpleasant odour of putrid fish. The 
gas is inflammable, and a non-supporter of combustion. 

Phosphoric Acid. — Formula, H,P0 4 . Molecular 
weight, 81-84. 

212. Preparation. — When phosphorus is burned in 
air or oxygen, phosphorus pentoxide is formed, according to 
an equation already familiar to the student. If the pent- 
oxide be dissolved in water a hissing noise is produced, and 
phosphoric acid formed : — 

P a O. + 3H a O - 2H 3 PO ( 

Fhofpboraa Water. Phosphoric acid, 

pcntoude. 

A method commonly employed for the preparation of 
bb, Google 
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this body is to oxidise phosphorus with nitric acid, when 
the following reaction occurs : — 

P 4 + 10HNO, + H a O = 4H,P0 4 + 5N s O, 

Phosphorus. Nitric acid. Water. Phosphoric acid. Niiroeen 

The solution on evaporation at the close of the reaction 
yields a viscid liquid, from which colourless crystals of 
phosphoric acid may be obtained. 

Experiment 195. — Thoroughly dry a large bell jar and plate 
on which it may stand. Wipe a piece of phosphorus quite dry, 
and also a deflagrating spoon. Burn the phosphorus in the bell 
jar and allow the pentoxide to subside. Add a few drops of 
water, and notice the hissing noise as combination occurs. 

One-third fill a beaker about six inches high with a mixture 
of two parts concentrated nitric acid and one of water. Cut a 
few fragments of phosphorus and drop them into the acid. Heat 
gently in a stink-cupboard ; nitrous fumes are evolved and the 
phosphorus is dissolved. If the action ceases before the whole 
of the phosphorus disappears, add a little more acid, and so 
dissolve the whole. At the close of the reaction evaporate down 
the liquid until it attains a temperature of 150 C. Phosphoric 



213. Properties. — There are not only several acids 
of phosphorus, but also several varieties of phosphoric acid, 
depending on the number of molecules of water with which 
a molecule of phosphoric anhydride is united. That 
described is the common or ortho -phosphoric acid. This 
acid contains three atoms of replaceable hydrogen, and so 
is tribasic. In the normal salts the whole three atoms are 
replaced by metals, but in the acid salts either one or two 
atoms of hydrogen may remain. The following series is 
illustrative of the various salts of phosphoric acid ;— 

H 3 PO«, Phosphoric acicf 
NaHjPO,, Dihydric sodic phosphate. 
Na,HPO«, Hydric disodic phosphate. 
Na 3 P0 1( Normal sodic phosphate. 
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Of these compounds the disodic phosphate is neutral to 
litmus, the monosodic salt has an acid, and the trisodic salt 
an alkaline reaction. 

Silicon. — Symbol, Si. Atomic weight, 28-0. 
Specific gravity of crystals, 249. 

' 214. Occurrence.— Next to oxygen this is the most 
plentiful of all the elements ; its oxide, Si0 2 , occurs in the 

free state, as flint and quartz ; and also in combination as 
one of the principal constituents of most rock formations 
except those of coal and limestone. Silicon does not occur 
free in nature, and its properties as an element need not 
here be described. 

Silicon Dioxide, Silica. — Formula, SiO t . Mole- 
cular weight, 68 82. Specific gravity as quartz. 26. 

215. Occurrence.— As has already been mentioned, 
this compound is widely distributed in nature as a rock 
constituent Quartz and amethyst are examples of a crys- 
talline variety, and agate, chalcedony, opal, and flint consist 
of silicas in an amorphous form mixed with more or less of 
the crystalline form. 

216. Properties.— Quartz is, when pure, transparent 
and colourless : it is so hard that it scratches glass. Quartz 
crystals consist of hexagonal prisms capped with hexagonal 
pyramids. Quartz is insoluble in water and all acids, 
except hydrofluoric acid, by which it is readily attacked. 
It is not liquefied by the heat of the strongest furnaces, but 
may be melted into a glassy mass by the oxy-hydrogen 
blowpipe. 

Silica is sometimes termed silicic anhydride because 
with water it forms acids and unites with bases to produce 
salts. Prolonged boiling with concentrated solutions of 
caustic potash or soda dissolves crystalline silica very slowly, 
but has a more rapid action on the amorphous varieties. 
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When fused with either of the alkaline carbonates an alkaline 
silicate is formed — 



Carbon dioxide escapes and the remaining silicate is 
soluble in water, and constitutes the substance known as 
water-glass. If hydrochloric acid be added to the solution, 
potassium chloride and silicic acid are formed : — 

K 4 Si0 4 + 4HC1 = 4KC1 + H 4 Si0 4 

Potassium Hydrochloric Potassium Potassium 

silicate. add. chloride. silicue. 

If the solution be concentrated the silicic acid separates 
out as a gelatinous mass, but if sufficiently dilute it 
remains dissolved. On the solution being placed in a 
drum with the bottom made of parchment paper, and this 
floated in its turn in a vessel of water, the potassium 
chloride being a crystalline body diffuses through the 
membrane, and a pure solution of silicic acid remains 
behind. In this way a solution of quartz or silica is 
produced. This solution may be concentrated by careful 
evaporation until it contains about 14 per cent, of silica ; 
but the solution of this degree of strength is liable to 
assume the gelatinous form. On further concentration the 
silica separates out, and on evaporation to complete dryness 
remains as an amorphous white powder, insoluble in water 
and acids. 

Experiment 196. — Reduce some flint or quartz to an im- 
palpable powder : this is most easily effected by heating to 
redness and plunging into cold water. The fragments then 
powder somewhat easily. Fuse some potassium carbonate in a 
platinum crucible over a good foot blowpipe flame. When 
quite tranquil at a bright red heat, add a small pinch of the 
powdered silica ; notice that effervescence occurs and that the 
silica is entirely dissolved. Continue the addition of silica so 
long as it is dissolved. Allow the crucible to cool and dissolve 
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put its contents with water. Add dilute hydrochloric acid until 
the solution has an acid reaction, then evaporate to complete 
dryness ; ignite gently and treat with water. Potassium chloride 
dissolves and insoluble silica n 



The formula of silicic acid has been written H,Si0 4 , but 
there are several other modifications of the acid produced 
by the combination of water and silicic anyhdride in various 
proportions. The silicates are extremely complex in com- 
position, frequently containing several metals and many 
molecules of silica, derived not merely from one but 
frequently two or more modifications of silicic acid. 

Summary. 
Phosphorus occurs as a constituent of igneous rocks ; ob- 
tained from phosphates by reduction with carbon; is inflammable; 
exists in two forms, which differ widely from each other in pro- 

Phosphoretted hydrogen is prepared by heating phosphorus 
with caustic potash solution, and is an inflammable gas, with 
odour of putrid fish. The presence of liquid phosphoretted 
hydrogen causes the gaseous variety to become spontaneously 
inflammable. 

Phosphoric acid is formed by hydration of phosphoric 
anhydride or by oxidation of phosphorus by nitric acid This 
acid is tribasic and forms an extended scries of salts. 

Silicon is a widely distributed element, but does not occur 
free in nature ; its most important compound is silica 

Silica is the only known oxide of silicon, and occurs as 
quartz, flint, and in other rocks. Is insoluble in acids except 
hydrofluoric ; dissolves when fused with alkaline carbonates to 
form soluble silicates, hence is viewed as the anhydride of 
silicic acid. From a solution of alkaline silicates, by the addi- 
tion of hydrochloric acid, soluble silicic acid is formed, and may 
be obtained in the pure state by diffusion of the alkaline 
chlorides through a membrane. Silicic acid solution, on being 
evaporated to dryness, yields silica once more in the insoluble 
form- 

„Googk 
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Laboratory Hints. 

The student will already be sufficiently familiar with the 
properties of phosphorus to know that it requires extremely 
careful handling. In those experiments where carbon disulphide 
is used, be careful that the main supply bottle is kept at a dis- 
tance from the phosphorus. 

At times, in experiment, the phosphorus re-ignites on the 
top of the tube on the removal of the cork ; should it do this 
cork again and keep for a day or two. Or, if wished, a current 
of carbon dioxide may be passed down the tube until the whole 
of the phosphorus vapour is displaced. The carbon disulphide 
may then be poured in in safety. 

In the preparation of phosphoretted hydrogen the coal gas 
is passed in in order to expel any acid, as otherwise the phos- 
phoretted hydrogen would take fire within the flask and possibly 
burst it. Remember that if any air remains with the coal gas 
the phosphoretted hydrogen may explode the mixture, and 
so cause considerable damage by scattering the molten phos- 
phorus. In the case of an inexperienced student, it would be 
safer to displace the air by carbon dioxide rather than by coal 
gas. 

At the close of the experiment allow the liquid in the flask 
to cool until water is drawn up into it from the trough. Pull 
out the cork, holding it in a duster ; the gas within the flask 
will take fire ; therefore have in readiness a jug of cold water, 
with which at once fill the flask to the brim. 

Platinum crucibles and dishes must be handled carefully, 
When heated over the blowpipe flame they should be supported 
in a pipeclay triangle. 
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PRINCIPLES OF ANALYSIS. 



Abbreviations used in this Section, 

Ppt. for precipitate. 

Pptd. „ precipitated. 

Sol. „ soluble. 

Insol. „ insoluble. 

Cone. „ concentrated. 

O. F. ,, oxidising flame. 

B. F. „ reducing flame. 

THE student is now in a position to proceed further in his study 
of practical chemistry by learning the principles of analysis 
and their application to the separation and recognition of 
unknown bodies. 

There are two descriptions of analysis — qualitative, by 
which the constituents of a substance are detected, and quanti- 
tative, by which their actual amount is determined. The first 
only of these will be dealt with in this work, the study of 
quantitative analysis belonging to a much more advanced stage 
of chemistry. 

The substances that a student is likely to require to analyse 
are either metals (including alloys), or salts. In some few cases 
he may meet with free acids. 

The following pages contain an account of the analytical 
reactions of the metals and inorganic acids undermentioned, 
and also systematic tables for the analysis of unknown sub- 
stances which may contain all or any of them : — Silver, lead, 
mercury, copper, bismuth, cadmium, tin, arsenic, antimony, iron, 
chromium, aluminium, line, manganese, nickel, cobalt, barium, 
fltrontlnm, calcium, magnesium, potassium, sodium, and the com- 
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pound radical aminoninra ; sulphuretted hydrogen, hydrochloric, 
hydrobromic, hydriodic, hydrofluoric, nitric, chloric, boric, carbonic, 
phosphoric, tilicio, and sulphuric acids. The reactions of the 
following organic acids are also given, and tahles are appended 
for the analysis of their salts with inorganic bases ; — Hydrocyanic, 
formic, acetic, benzoic, succinic, oxalic, tartaric, and citric acids. 

There are two distinct methods of making the qualitative 
analysis of a body. The first is called the ' dry way,' because 
experiments are made on the substance without its being dis- 
solved. These experiments consist of heating it on charcoal, 
and in other ways observing its behaviour under certain con- 
ditions. In the second method the body is first obtained in 
solution, and then subjected to the reaction of different reagents. 
The production of a precipitate having a characteristic colour 
or other distinctive properties enables the analyst to recognise 
the substance, and also to separate it by filtration from (hose still 
remaining in solution. Each of these courses has its advan- 
tages, and usually a combination of the two is preferable to one 
only taken singly. In the tables given further on there are first 
directions for a preliminary examination by the dry way, and 
afterwards a wet analysis. The results of the one should con- 
firm those of the other, and often the metals difficultly recog- 
nised by the one method give very characteristic reactions by 
the other. 

The term reaction is applied to any chemical change employed in 
analysis. The substance applied to produce the change is called a 
reagent. 

For purposes of analysis the metals are arranged in five 
groups, depending on the insolubility of certain of their salts. 
Thus :— 
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Operations. 
Many analytic experiments require the use of methods that 
so far are unknown to the student Of these the most important 
is the use of the blowpipe for heating purposes. There are 
several forms of this instrument, two of which are shown in 
Fig. 41, b and c, but for laboratory use the conical form devised 
by Black is the most convenient ; it is represented in Fig, 41, a. 



. 



The conical tube is preferably of brass, and has a bone or ivory 
mouthpiece at the smaller end; the other is closed, and near 
it through the side of the tube a smaller one projects, to the 
end of which the jet is attached. The moisture of the mouth 
collects, while "blowing, in the end of the cone instead of being 
blown out through the jet. In using a blowpipe the air must 
be forced out by the cheeks, and not from the lungs. A practical 
lesson from a teacher will do more toward teaching how this is 
done properly than a long description can do. Still, by atten- 
tion to the following directions, the art may in most cases be 
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readily attained. First, with the mouth closed, inflate the cheeks 
with air from the lungs as full as possible ; then keep on breathing 
through the nose with the cheeks still distended. Before long it 
will be found that breathing can proceed in this way, whether 
the cheeks be full or empty. In the next place prepare a small 
glass jet by drawing out a piece of fine quill tubing in the 
flame. While trying the experiment of breathing with the 
cheeks distended, introduce the end of this jet between the lips : 
the elasticity of the cheeks will slowly force the air out of the 
mouth through the jet, but this will not interfere with the act of 
breathing. When the mouth is nearly empty, refill it by forcing 
some of the air contained in the throat and lungs into it . This 
is the most difficult part of 
the whole process, but a very 
little practice should enable ' 
the operator to do this with- 
out ceasing to blow. 

A blowpipe may be used 
with eithera spirit or oil lamp, 
but in all cases where gas 
is obtainable it will be found 
most convenient. A suitable 
form of flame is obtained by the use of a jet to be dropped 
inside the tube of a Bunsen burner, or a tube with the same 
shaped orifice is sometimes made to screw on to the base of 
the Bunsen (as in Fig. 42), instead of the ordinary brass tube 
which is first unscrewed. With a tube of this kind the ring 
must be turned so as to shut off the air at the bottom of the 
burner. 

There are two varieties of blowpipe flame, known respec- 
tively as the ' reducing ' and ' oxidising,' from their action on 
oxides and metals. The reducing flame is shown in Fig. 42. 
To produce it, hold the jet of the blowpipe 'just outside the 
flame, and blow gently; the flame should appear of a luminous 
yellow tinge, through its still containing unoxidised carbon. 
This exerts a powerful reducing action, the carbon combining 
with the oxygen of many oxides when placed in it. An 
'oxidising' flame (Fig. 43) is produced by placing the blowpipe 
jet within the flame, and blowing rather harder. The flame 
should be sharply defined. The point of the fine blue cone 
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in the middle of the flame i: 
Slightly beyond this there i; 




readily yields oxygen to any substance capable of combining 

Substances may be held in the blowpipe flame on a piece of 
good charcoal. This is a difficult article to obtain. Prepared 
F[d u charcoal blocks answer very well ; those known 

as 'Bunring's patent ' are very good. A small 
cavity to receive the body should be cut out 
with a penknife. When one experiment has 
been made, the face of the charcoal must be 
cut away until a clean surface is exposed. Other 
supports are sometimes used for particular ex- 
periments, as platinum wire, a thread of as- 
bestos, or the fragment of carbon produced by 
charring a lucifer match. 

Several metallic oxides dissolve in fused 
borax, and produce a glass of characteristic 
colour. These reactions are performed most 
easily by obtaining a bead of borax on a loop 
of fine platinum wire. Fig. 44 shows a single 
and double loop of the actual size they should 
be made. To form a bead, make the wire red- 
hot in the Bunsen flame, andthendip it into some 
powdered bora*. Next heat it either in the Bunsen or blowpipe 
flame until the borax melts down into a colourless and trans- 
parent bead. A fragment of the substance to be tested is then 
to be placed on the bead, which is again fused. The charac- 
teristic colour makes its appearance as the bead cools. 

„ Google 
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For washing precipitates, and to hold distilled water for 
general purposes, a ' wash-bottle ' is required. To make this, get 
a 7.4-oz. flask, and fit a good cork to the mouth. Through this 
bore two holes ; bend two pieces of glass tubing to the shape 
shown in i, Fig. 45, the acute-angled one reaching to the bottom 
of the flask, and the other just through the cork. From another 
piece of tubing about four inches long make two jets, as shown 
in 2, Fig. 45, by drawing out the tube slowly after softening it in 
the middle over the Bunsen flame. The ends of all the tubes 
must be rounded with the blowpipe, and the jet attached to the 
wash-bottle by a small piece of india-rubber tubing. On blow. 
ing into the shorter tube a fine stream r „ „ 

of water issues from the jet, and may 
be sent in any direction by bending the 
tube at the india-rubber joint. To 
obtain a larger stream, invert the bottle, 
and the water will run from the shorter 
tube. ts> 

While working at analysis, the stu- 
dent should bear in mind the following 
few directions. Test-tubes, beakers, and 
all other apparatus used for analysis must be lompnloailj clean. 
Never put anything away dirty; a piece of apparatus that would 
take a minute to wash immediately after use will probably require 
five after lying by for a week. Give glass apparatus in general 
a couple of washings with tap water and then one with distilled 
water ; allow them to drain ; it is not necessary to wipe the 
insides of such vessels dry. Whenever water is required for 
purposes of solution, distilled water must be used. 

Reactions of the Metals. 

Each of these reactions must be carefully performed by the 
student : he should endeavour to remember the appearance of 
the precipitate or other change produced, so that if he tries the 
same experiment on an unknown body and gets the same result 
he will be able to recognise it and thus identify the substances 
present 

For each metal a salt is named that may be conveniently 
used for its reactions; they would, however, be the same with 
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most other salts. In a laboratory, solutions are usually kept 
ready made up for the use of students. 

Silver. — Silver nitrate may be used for both the dry and 



Dry. Heated on charcoal with blowpipe in the reducing 
flame, a white malleable bead of silver is produced without 
incrustation. 

A fragment the size of a shot is quite sufficient for this experiment : 
the sail should be first powdered for all blowpipe experiments. 

Wet. HC1 (or any soluble chloride) gives a white curdy 
precipitate of AgCl, which is turned violet by the action of light ; 
the ppt. is insol. in hot H,0, is sol. in AmHO, and re-pptd. by 
HNO r 

In making the wet tests, place about half an inch of the test solu- 
tion in a small test-tube, and add the re-agent, as HCI, drop by drop ; 
observe carefully the changes produced as each drop falls into tte 
liquid. When various solvents are to be tried on the same ppt. it 
must be washed between the application of each. Heavy ppts., as 
AgCl, may easily be washed by decantation : drain off as much of the 
liquid as possible and then fill up with water ; shake up the tube, 
allow the ppt. to subside, and again decant ; repeat the operation a 
second time, and then the ppt. will be sufficiently washed. When the 
ppt. docs not so readily subside, it must be washed by filtration ; the 
contents of the tube are to be poured on a filter and the liquid allowed 
to drain through ; then fill up the filter from the wash-bottle, directing 
the stream at each portion of the ppt., let the washing water drain 
completely away and then refill ; when the second lot of washings have 
passed through, the ppt. may be transferred again to a test-tube by 
pushing a hole through the bottom of the paper and washing it through, 
or the funnel may be held inverted and the ppt. washed out with a. 
vertical stream of water from the wash-bottle. The ppt. may some, 
times be taken out of the paper with the point of a penknife or a 
small spatula. 

In every case use as small quantities of each substance as possible : 
large ppts. take more time to wash and render every operation of 
analysis tediously long. 

H,S— black ppt. of Ag,S. 
KjCrO.,— dark red ppt. of Ag,Cr0 4 . 
s 
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The contents of tubes containing silver salts must not be thrown 
■way, but should be placed in a bottle kept for the purpose. 

LEAD. — Lead nitrate may be used. 

Dry. Heated on charcoal with blowpipe in reducing flame 
^soft metallic bead, which marks paper, yellow incrustation. 

Incrustations usually consist of oxide, formed by the combustion of 
the metallic vapour as it passes out of the reducing flame, and deposited 
on the cooler surrounding charcoal. Incrustations must not be con- 
founded with the ash of the charcoal itself. 

Wet. HC1 — while ppt. of PbCL, somewhat soL in cold 
H a O, much more sol. in hot H a O, from which it re-crystallises 
on cooling : insol. in AmHO being converted into PbHOCL 

From the solubility of PbCl, this metal cannot be entirely removed 
from a solution by HC1 : when the solution is very dilute no ppt. is 
obtained. 

H 5 S— black ppt. of PbS insol. in dilute HC1, oxidised in 
part to PbSO, by HNO„ insol. in NaHO. 

K a Cr0 4 -lemon yellow ppt. of PbCr0 4 . 

Mercury, Mercurous Salts.— Mercurous nitrate may 

Try. Heated in tube— a sublimate of globules of metallic 
Hg is produced. 

The nitrate is first decomposed with the liberation of nitrous fumes 
and production of the oxide ; and this undergoes further decomposition 
into Hg and O. Other salts, as -Hg,CL, sublime -without deccm- 

For tube reactions small test-tubes may be used : where the 
heat required is intense, lubes may be employed made from ' combus- 
tion ' tubing (a difficultly fusible variety). Cut the tube, which should 
be J-in. bore, into lengths of about 7 inches ; draw each of these 
pieces in the foot blowpipe flame off into two tubes ; seal up the 
bottom of each, an.1 blow a small bulb. As in tube reactions it is 
wished to study sublimates, it is necessary that the sides of the tube 
should be kept clean. With this end in view the salt should be intro- 
duced by means of a little gutter of paper. Take a piece of paper 
about 4 in. long and £ in. wide ; fold this lengthwise in the middle; put 
the substance on this paper and carefully push it down the tube ; then 
hold the tube upright, give it one or two taps and the substance will 
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fall to the floltom of the lube ; withdraw the paper, and the sides ol 
the tube will be found to be quite clean. 

In heating these tubes, if any moisture condenses in the part near 
the mouth, they should be held so that it shall run from the hot part 
and not toward it. 

Mixed with Na,CO, or fusion mixture and heated in tube, 
all mercurous salts yield a sublimate of Hg globules. 

The NajCO, or fusion mixture used must be perfectly dry. It is 
a good plan to fuse some in a platinum capsule and then powder it ; 
keep in a well-stoppered bottle. 

Wrt. HC1— white ppt. of Hg^Cl,, blackened by the ad- 
dition of Am HO. 

H 5 S— black ppt. of Hg a S. 

NaHO— black ppt. of Hg s O. 

SnCl a — grey ppt of metallic Hg. 

Mercuric Salts.— Mercuric chloride may be used. 

Dry, Same as for mercurous compounds. 

W«t. H,S— black ppL of HgS insol. in HC1 or HNO a , sol. 
in aqua regia, insol. in NaHO. 

The first trace of Il-S produces a white ppt., which changes 
through yellow to black. To all the sulphides of Group II. add a few 
drops of HCI and observe their insolubility. 

NaHO— yellow ppt. of HgO. 

SnClj — white ppt. of Hg,Cl, changing with excess of SnCl, 
to grey ppt. of Hg. 

Copper. — Copper sulphate may be used. 

Dry. Heated on charcoal with Na,CO, and KCN in re- 
ducing flame— small malleable red beads of Cu. 

The Na.CO, and KCN should be in equal quantities : about fire 
times as much of the mixture as of the copper compound should be 
taken : the whole quantity should not be more than would fill a cavity 
the size of half a pea. Careful and continuous blowing is requisite. 

Heated in borax bead — in oxidising flame the bead is 
green while hot ; blue when cold ; in reducing flame, the bead 
is red when cold. 

The red bead in R. F. is difficult to get. If Ihe smallest scrap of 
metallic Sn is placed on the bead and fused with it, the reduction takes 
place immediately. 
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Heated on platinum wire in Bunsen flame — imparts to It an 
Intense green colour. 

Wet. H„S— black ppt. of CuS insol. in dilute HCI, slightly 
sol. in SAm„ insol. in NaHO. 

AmHO — greenish blue ppt. sol. in very slight excess to a 
deep blue solution. 

KCy — yellowish green ppt. of CuCy s sol. in excess ; H. ; S 
produces no ppt. in this solution. 

K,FeCy t — brown ppt. of Cu 3 FeCy 6 . 

Bismuth.— Bismuth nitrate may be used. 

Dry. Heated on charcoal with NajCO s — brittle yellowish 
white metallic bead ; surrounded by incrustation, dark orange 
while hot, lemon-yellow when cold. 

Wet. H s S-black ppt. of Bl,S 3 insol. in dilute HCI, and in 
NaHO or SArn,. 

Much water added to solution— white ppt. of an oxy-salt. 

This reaction takes place most readily with the chloride, BiCl, ; a 
ppt. of BiOCl is formed. From this property a salt of Bi may be dis- 
solved 10 a small quantity of HCI and re-pptd., on dilution with HjO. 
When this occurs in making solution of an unknown salt, the presence 
of Bi (or Sb, which acts similarly) may be suspected. 

AmHO — white ppt. of Bi(HO) 3 insol. in excess. 

CADMIUM.— Cadmium sulphate may be used. 

Dry, Heated in tube— some salts, in particular CdBr, sub- 
lime, although difficultly. 

This should be remembered, as Cd is thus sometimes mistaken 
for the other volatile metals. 

Heated on charcoal with Na,C0 3 in reducing flame— the 
metal is reduced, but is immediately oxidised and forms a brown 
incrustation. 

Wet. H,S— yellow ppt. of CdS, sol. in HCI unless very 
dilute ; soL also in dilute H a S0 4 ; insol. in NaHO. 

The solubility of CdS in HCI, when not sufficiently dilute, leads 
frequently to its being undetected in Group II. 

KCy— white ppt of CdCy s sol. in excess, from which H a S 
ppts. CdS. 

>,GoogIe 
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Tin, Stannous Salts.— Stannous chloride may be used. 

Dry. Heated on charcoal with Na,CO, and KCy in reduc- 
ing flame— a white malleable bead, which is oxidised by HNO, 
to a white compound, SnjO^HO),^ 

Traces of a tin-salt heated in R. F. in a borax bead, coloured 
blue by Cu— change the colour to red. 

Wrt. H 5 S— brown ppt. of SnS, insol. in dilute HC1, sol. in 
NaHO, or SAm„ re-pptd. by HC!. 

HgCl 5 — white ppt. of Hg a Cl a ; if the stannous salt be in ex- 
cess, a grey ppt. of Hg is formed. 

Zn granulated — spongy ppt. of metallic Sn from acid solu- 

SnClj is readily changed into SnCl, and Sn,Cl,Q by action of O, 
To hinder this, granulated Sn is usually placed in a solution of SnCL 

Stannic Salts. 

Dry. Same as for stannous compounds. 
Wet, A solution of stannic chloride may be used. 
H S S— yellow ppt. of SnS a insol. in diiute HC1, sol. ia NaHO 
or SAm„ re-pptd. by HC1. 

s with stannous salts. 



Arsenic, Arsenious Compounds. — Arsenic trioxide may 
be used ; for the wet tests a solution in HO. 

Dry. Heated in tube — all salts sublime. 

Heated in tube open at both ends — an odour of garlic may 
be observed. 

To make this test, lake a piece of combustion tulre about 4 in. 
long, place the substance in the middle, and apply heat ; the tube must 
be held slightly inclined ; the odour is given off at the upper end. 

Heated in a small tube with Na 3 COj and charcoal powder 
(black flux) — the compound is reduced and a grey, mirror -like 
sublimate of metallic As is formed. Heated on charcoal very 
gently with the reducing flame — garlic odour is observed, and a 
white incrustation some distance from the assay is deposited. 

The substance heated in this way on charcoal is often called techni- 
cally ' the assay. 1 

Wet. H,S— yellow ppt. insol. in HC1, sol. in NaHO, and 
also in AmHCOj. 
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Strips of clean Cu in solution acidulated with HC1, on 
gently heating— a greyish film of As a Cu s is deposited, even 
from very dilute solutions. (Reinsch's test.) 

On introducing a solution of any As compound into an 
apparatus in which H is being evolved, AsHj iy formed, and 
may be recognised by special 
tests. Fit up a 4-oz. flask 
as a generating flask for the 
preparation of H from Zn 
and HjSO, (Fig. 46), attach 
a CaCL, tube for drying, and 
to that a piece of ^-in. com- 
bustion tubing, which has 
been narrowed in two 
three places, as at b. Place 
in the flask some granulated 
Zn free from As and sc 
water, add a very little strong 1 
pure H a S0 4 ; when the H f 
has expelled the whole of the \ 
air from the flask, heat the 
tube at b, and continue the evolution of the gas for at least five 
minutes ; if at the end of that time there is no sign of a mirror 
of As beyond the heated point, it may be assumed that the 
reagents contain no As. Light the flame as it issues from the ' 
end of the tube, and it will be seen to burn with the usual 
almost colourless flame of H. Add now through the funnel a 
few drops of the As solution, the colour of the flame changes to 
a livid blue, and it is seen to give off white fumes. Depress 
momentarily into the flame a porcelain crucible cover— a mirror 
of metallic As will be formed on it : obtain two of these 
mirrors. A similar mirror will also be deposited within the 
tube, just beyond the point where the heat has been applied. 
Add to the mirror a drop of a solution of sodium hypochlorite 
(NaClO)— the mirror is immediately dissolved. (Marsh's 
test.) 

Place in a test-tube some pure Zn and KHO, with a little 
water ; add a very small quantity of the As solution ; then cover 
over the top of the tube with a piece of filter paper moistened 
with AgNO„ and heat very gently— the. paper is blackened 
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through the decomposition of AgNO a by AsH,. (Fh 
test.) 

Arsenic Compounds.— A solution of potassium a 
(K,AsOJ may be used. 

Dry. Same as those of arsenious compounds. 

Wet. H 3 S produces a ppt. from acidulated solution with 
extreme slowness. The ppt. consists of As,S„ hence the 
H a S has to reduce the arsenic compound to an arsenious one. 
Heat ihe solution with H a SO, until the smell of SO, disap- 
pears ; this readily effects the reduction to the arsenious 
state : then add H a S— a yellow ppt. of As,S a is immediately 
produced. 

The greatest care must* be taken in all experiments on As, as its 
compounds are intensely poisonous ; small quantities should be used, 
and the experiment performed either in a s' ink cupboard or where there 
is a good draught of air. 

Antimony. — The fused oxy-sulphide may be used for the 
dry reactions, and a solution of the chloride SbCl 3 for the wet. 

Dry. Heated gently on charcoal in reducing flame with 
Na,COj and KCy— a brittle white metallic bead is formed; 
this readily oxidises with the production of a dense white in- 



Wet. H a S— orange ppt. of Sb a S a insol. in dilute HC1, sol. 
in NaHO or Am.S, insol. in AmHC0 3 . 

Much HjO to solution of SbCl a — white ppt. of SbOCL 

Solution added to apparatus in which H is being generated 
from Zn and H a SO<, as described for As, produces SbH s , 
which also deposits a mirror. The Sb mirror is darker in 
colour, and on the addition of NaOCl does not dissolve. 
(Distinction from As.) 

Sb solution added to Zn and KHO, as in test for As, does 
not form SbH„ and consequently there is no blackening of the 
filter paper moistened with AgNO s . 

Iron, Ferrous Compounds— Ferrous sulphate may be 

Dry. Heated on charcoal in reducing flame — brownish 

residue remains, which is attracted by a magnet 

iQao S Lc_.. 



264 Text-Book of Inorganic Chemistry 

In borax bead — in O.F. yellowish red bead, in R.F. green 
bead. 

Wat. AmHO — white ppt. of Fe(HO)„ rapidly changing in 
colour to green, and finally being changed into reddish brown 
Fe,<HO)„ 

It is very difficult to procure a ferrous salt absolutely free train ferric 
salts, but by dissolving the crystals Of FeSO, in cold H,0 they may be 
obtained almost free from any ferric impurity. The reduction of a trace 
of ferric salt may be produced by adding to the solution a drop of 
H s SO| and «. fragment of granulated Zn, The small quantity of Zn 
that may be dissolved does not in'erfere with the reactions. 

Aro,S — black ppt. of FeS, sol. in dilute HC1. 

Potassium Ferrocyanide (K 4 FeCy 6 ) — white ppt. of FejFeCy c , 
rapidly changing to dark blue. 

Potassium Ferricyanide (KjFejCy!,) — dark blue ppt. 

Ferric Compounds. Ferric chloride (Fe a Cl ) may be used. 

Dry. Same as those of ferrous compounds. 

Wot AmHO— reddish brown ppt. of Fe 2 (HO) P 

Am a S— reduces ferric to ferrous salts and ppts. FeS with the 
separation of S. HC1 dissolves the FeS with evolution of H\S, 
when the S may bp observed as a white cloud in the solution. 

K 4 FeCy 8 — dark blue ppt. (Prussian blue). 

KjFe^Cyu — no ppt., reddish brown coloration. 

AmCyS — blood-red coloration. 

Aluminium.— Alum, AmjAl^SOJ., may he used. 

Dry. Strongly ignited on charcoal, allowed to cool, mois- 
tened with cobalt nitrate solution, Co(NO,)„ and again 
strongly ignited— the residue assumes a blue colour. 

When the quantity is very small, the reaction may be performed on 
a loop of Pt wire. This is specially applicable when testing a ppt. : 
a portion of the filter containing the ppt. maybe cut out and heated 
on the Pt wire. 

W«t AmHO— white gelatinous ppt. of AJj(HO) s , slightly 
sol in excess, readily sol in NaHO. 

The presence of AmCl in the solution prevents the solution 
of the ppt by either AmHO or NaHO. 

Am a S— also ppts. Al a (HO)„, with evolution of H } S. 
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Chromium Chrome alum KjCr^SO^j, may be used. 

Drj. One part of a Cr salt mixed with about four parls of 
Na,CO„ and one of KNO„ fused on Pt foil, produces on cool- 
ing a yellow mass containing K,CrO v This on the addition 
of H„0 produces a yellow solution from which acetic acid and 
lead acetate ppt. yellow PbCr0 4 . 

Heated in borax bead in R.F. — green bead 

Wet AmHO— green ppt. of Cr,(HO) , slightly sol. in 
excess, te-pptd. by boiling, which drives off the excess of AmHO. 

The presence of AmCl prevents the solution of the ppt. 

Am,S— same ppt. of Cr,(HO) e . 

Zinc— Zinc sulphate may be used. 

Dry. Heated on charcoal in reducing flame — incrustation, 
yellow while hot, white when cold. 

Strongly ignited on charcoal or Pt loop, allowed to cool, 
treated with Co(N0 3 ) a and again ignited— the residue assumes 
a green colour. 

Wet Am,S— white ppt. of ZnS, sol. in dilute HC1, insoL in 
acetic acid, and also in' NaHO. 

NaHO— white ppt. of Zn(Hb)„ sol. in excess, from which 
solution Zn(HO), is not re-pptd. by AmCl. 

Manganese.— Manganese sulphate may be used. 

Dry. Heated in borax bead— O.F. amethyst, R.F, colour- 
less bead. 

Heated on Pt foil with Na^CO,, and KN0 3 (same quantities 
as directed for Cr)— dark bluish-green mass. 

Wot. ArrijS— yellow (skin -coloured) ppt. of MnS, sol. in 
HC1 and also in acetic acid. 

NaHO— white ppt. of Mn(HO) a which rapidly oxidises on 
exposure to air and acquires a brown tint. 

The ppt is at first sol. in AmCl, but not so after standing. 

AmHO — white ppt. sol. in AmCl. 

If this solution be allowed to stand, a brown ppt. of Mn-OJHO). 
ia formed. Hence, when members of Group IIIa. are present in a 
mixture with Mn, a portion of the Mn is also pptd. by AmCl, AmHO. 

NiCKEI Nickel sulphate may be used. 

Dry. Heated on charcoal with NaXOj in reducing flame— 
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greyish residue, which, when treated with water and the soluble 
portion removed, is slightly magnetic. 

Heated in borax bead— in O.F. reddish yellow when hot, 
sherry colour when cold ; R.F. grey when cold. 

Wet. Am,S— black ppt. of NiS, slightly sol. in excess to 
yellow-brown solution, insol in cold dilute HC1. 

H a S— no ppt. in acid solution. 

Am^COj — green ppt. sol. in excess to greenish-blue solution. 

KCy— yellow ppt of NiCy, sol. in excess to (KCy^NiCy,. 
This solution is unchanged by boiling and NaCIO ppts,, from 
it on heating, Ni a (HO) 8 which is of a black colour. 

The KCy must be Tree from carbonate and cyanate : the laller may 
be removed by fusion in a porcelain crucible with powdered charcoal. 
The KCy solution should lie made up only when used : it must be 
added drop by drop until there is only just the slightest excess : the 
exact point may be hit by reserving a portion of the nickel solution, 
and adding a drop lo the solution in KCy so as to produce a very 
slight ppt., and then tillering. A large quantity of the hypochlorite 
must be added, and if the Nl solution be very dilute, some little time 
elapses before the Nij(HO}, is pptd. 

Bromine water may be employed instead of NaCIO. 

Cobalt.— Cobalt nitrate may be used. 
Dry. Heated in borax bead both in O.F. and R.F. —deep 
blue bead. 

The slightest trace of Co should be taken. 

Wet Am,S — black ppt. of CoS, insoL in excess and also 
in HO. 

AirijCO,— pink ppt. sol. in excess to red solution. 

KCy — light brown ppt. of CoCy, sol. in excess to 
(KCy)„CoCyj. This solution on being boiled is changed to 
K 3 CoCy e , in which neither NaCIO, nor Br water, produces 
a ppt. 

This affords a method of separating Ni from Co. Make a mixture 

of the solutions of the Salts of these two metals and separate them by 
this method. Boil the dissolved cyanjdes-for two or three minutes, 
and then cool before adding the NaCIO, after which again gently warm 
and allow to stand. 

>,GoogIe 



Principles of Analysis. 267 

Barium.— Barium chloride may be used. 

Dry. Heated on Pt wire in Bunsen flame— a green 
coloration. 

Flame colorations are best seen with the chlorides. 

Wet. AmjCOj in presence of AmHO— white ppt. of BaCO, 
sol. in HC1 or acetic acid. 

CaSO, — white ppt. of BaS0 4 even from very dilute 
solutions. 

KjCrOj — yellow ppt. of BaCrO, from dilute solutions, sol. in 
HC1, but insol. in acetic acid. 

Strontium.— Strontium chloride may be used. 

Dry. Heated on Pt wire in Bunsen flame— a crimson flame 
coloration. 

Wat. Am^CO, in presence of AmHO— white ppt of SrCO a 
sol. in HCI or acetic acid. 

CaSO, — white ppt of SrSO,, but only after standing 
some time, insoL in boiling saturated solution of ArrijSO, with 
AmHO. 

KjCrO,— no ppt. 

CALCIUM.— Calcium chloride may be used. 

Dry, Heated on Pt wire in Bunsen flame— a yellowish red 
llame coloration. 

Wet Ara,CO B with AmHO— white ppt. of CaCO, sol in 
HCI or acetic acid. 

H 2 SO,— from concentrated solutions ppts. CaSO g ; this salt 
is sol. in boiling Ara.SO,. 

Ammonium oxalate, Am.,C,0 1 — white ppt. from even very 
dilute solutions, sol. in HCI, but insol. in acetic or oxalic acids. 

This test gives a ppt. with water from wells in chalk or limestone 
districts. 

Magnesium. — Magnesium sulphate may be used. 

Dry. Strongly ignited on charcoal, allowed to cool, 
moistened with Co(NOj), and again strongly ignited— the 
residue assumes a rose-pink colour. 

Wet. AmHO— white ppt. of Mg(HO), sol. in AmCL 

Na^HPO, in presence of AmCl and AmHO— white crys- 
talline ppt. of MgAmPO, sol. in HCI and also acetic acid. 
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POTASSIUM. — Potassium chloride may be used. 

Dry. Heated on Pt wire in Bunsen flame— a violet colora- 
tion, which when looked at through deep-blue glass appears of 
a reddish-violet colour. 

Wet. PtCl, in presence of HC1— a yellow crystalline ppt. 
of (KCi),PtCi, insol. in dilute acids. The precipitation is 
hastened by the addition of a little of a mixture of alcohol and 
ether. 

This reaction is best performed on a watch-glass placed on a piece 
of white paper or porcelam ; a drop only of each reagent should be 

Sodium. — Sodium chloride may be used. 

Dry. Heated on Pt wire in Bunsen flame— an intense 
golden yellow flame coloration. Viewed through blue glass 
the yellow flame is invisible. 

This enables K to be detected in the presence of Na. 

Wet Almost all the sodium salts are soluble, and therefore 
no good wet reaction is applicable. 

Ammonium. — Ammonium chloride maybe used. 

Dry. Heated in tube Am salts volatilise entirely, except the 
acid be fixed ; in which case NH 3 is liberated and may be re- 
cognised by its smell. 

Some Am salts are decomposed by heat, as AmNOj, others, as 
AmCl, are again deposited as a sublimate. 

Wet. Heated with NaHO — ammomacal odour. 

PtCl, in presence of HC1 — yellow crystalline ppt. of 
(AmCl),PtCl 4 . 

It is therefore necessary to remove Am sails by ignition previous to 
testing for K by rtCl 4 . 

Reactions o'f the Acids. 

The acids do not admit of being so readily arranged in 
groups as the metals, the following classification will, however, 
be found to be a help in studying their reactions. 

Group I.— Acids whose salts are decomposed by gently heat- 
ing with dilute HCI and which evolve a characteristic gas or 
vapour :— Carbonic acid and eulphuretted hydrogen. 

Google 
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Group II. — Acids whose salts are decomposed by heating with 
concentrated H s S0 4 and which evolve a characteristic gas or 
vapour : — Nitric, chloric, hydrochloric, hydrobromic, hydriodic and 
hydrofluoric acids, 

Group III,— Acids whose salts evolve neither gas nor vapour 
on being treated with H 4 S0 4 : — Sulphuric, silicic, phoiphoric, and 
boric uidi, 

CarbOxic Acid, H.CO,.— Sodium carbonate may be used, 



Dry. All carbonates except those 
of K and Na are decomposed by heat 
into oxides with the evolution of COj. 
BaCOj and SrCOj require a white 
heat. 

Wet. Dilute HC1 added to the 
powdered salt — colourless odourless 
gas evolved, with effervescence, that 
turns lime -water milky. 

In this and similar tests the salt itself 
is to be used, and not a solution. Small 
quantities of C(X may be detected in the 
following manner i-Poor some Ca(HO). 
in a test-tube ; put the silt in another ; 
add HC1, and close the mouth of the tube 
with the thumb ; allow gas to escape 
slowly ; then, when the action is over, 
pour the gas into the Ca(HO), test-tube, 
taking care to stop before any of the liquid 
follows (Fig. 47). Shake up the tube 
containing the CO., and Ca(HO}j : the 
latter is turned milky. 

When small quantities have to be 
tested, the apparatus shown in Fig. 48 is often useful. The larger 
tube is fitted Up with a thistle funnel and delivery tube. The whole 
of the gas generated may be diiven into the smaller tube by blowing 
with nn aspirator or hand-bellows (not the mouth) through the thistle 



270 Text-Book of Inorganic Chemistry. 

funnel. Where special accuracy is necessary the air should be first 
freed from CO, by being passed through a solution of KHO. 

Another method that is serviceable for the detection of traces of 
CO, is to place a glass rod dipped in Ca(HO), in the mouth of 
the tube ; a film 'of CaCO, will be formed on it. Care must be 
taken, however, that the whole of the vapour of HC1 has subsided, 
as its presence in quantity would prevent the formation of a ppt. 

Sulphuretted Hydrogen, HjS.— Ferrous sulphide may 

be used. 

Dry. Certain sulphides are decomposed on being treated 
in a closed tube, S being deposited ; this reaction is charac- 
teristic of sulphides. Others, on being heated in an open tube, 
are oxidised ; an oxide of the metal remains, and S0 5 is evolved, 
which may be recognised by its smell. 

WW. HC1 added to the powdered salt and gently warmed 
— many sulphides evolve SH, recognised by its odour, and 
property of blackening paper dipped in a solution of lead 

Others, as As,S M are not decomposed : these on being 
warmed with aqua regia are in part oxidised to F|G 
sulphates ; another portion of the metal forms a 
chloride and free S is liberated in the plastic con- 
dition. The solution must be diluted and tested for 
HjSOj by BaCly 

Nitric Acid, HNO a .— Potassium nitrate may 

Dry. Heated in tube— all nitrates are decom- 
posed, one of the lower oxides of nitrogen and O 
being evolved. N-,0 3 and N0 2 may be recognised 
by their smell. 

Heated on charcoal — nitrates deflagrate. 

Wet. Heated gently with cone. H s SO,— nitrates 
evolve HNO a , which has a characteristic odour. 
On the addition of Cu turnings nitrous fumes ; 
evolved. 

FeSO, poured down the side of a test-tube containing a cold 
solution of a nitrate with an equal volume of cone. H a S0 4 — 
dark brown ring where liquids meet (Fig. 49). 

To the solution of the nitrate an equal volume of the If ..SO, slioulJ 
be added, and then the tube cooled by being kept for a minute or two in 
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cold waierj the solution of FeSO, must be added carefully so that the 
one liquid may float on the cop of the other without immediately mixing. 

Chloric Acid, HC10 s .— Potassium chlorate may be used. 

Dry. Heated in tube — all chlorates are decomposed, evolv- 
ing either O or a mixture of CI and 0. 

Heated on charcoal — chlorates deflagrate. Chlorates may 
be recognised indirectly by their forming, in most instances, 
chlorides on ignition. 

Wet Heated gently with cone. H a SO, — greenish yellow 
explosive gas (CljOJ is evolved 

A very small quantity of both the chlorate and the acid should be 
taken ; the quantity of KClOj should not be larger than a pea ; some 
half-dozen drops of acid are sufficient. The month of the tube while 
being heated should be turned from the operator. 

Hydrochloric Acid, HCL — Sodium chloride may be used. 

Wet Heated gently with cone. H a S0 4 — pungent fumes of 
HC1 are evolved. The following chlorides are not readily de- 
composed by cone. H s S0 4 — HgjCl,, HgCL,, AgCl, PbCl a , 
SnCla and SnCl,. 

Heated with cone. H ,S0, and MnO.j— all chlorides evolve CI. 

AgN0 3 — white ppt of AgCl, readily soluble in AmHO. 

Hydrobromic Acid, HBr. — Potassium bromide may be 

Wet Heated gently with cone. H a S0 4 — pungent fumes of 
HBr, together with free Br vapour, recognised by its deep red 
colour and characteristic odour, are evolved. 

Heated with cone. H,S0 4 and MnO s — Br is evolved. 

CI water — Br is liberated, and may be dissolved by CSj, to 
which it imparts a deep sherry-red tint 

AgNOj— light yellow ppt of AgBr, difficultly soluble in 
AmHO. 

Hydriodic Acid, HI.— Potassium iodide may be used. 

Wet. Heated gently with cone. H a SO, — gaseous I, recog- 
nised by its violet colour, and HI fumes are evolved. 

Heated with cone. H a S0 4 and MnO^— I is evolved. 

Br water — I is liberated, and may be dissolved by CS a , to 
which it imparts a characteristic violet colour. 

In making this test add the Br water carefully, drop by drop, then 
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add ihe CSj, shake iip, and observe whether after standing the CSi is 
coloured. 

AgN0 3 — light yellow ppt. of Agl insol. in AmHO. 

Hydrofluoric Acid, HF.— Calcium fluoride may be used. 

Wet, Heated gently with cone H a SO,— pungent acid fumes 
evolved, somewhat resembling those of HC1 ; a glass rod moist- 
ened with water inserted in the tube becomes coated with a film 
of SiO a . The glass of the tube is corroded by the HF evolved. 

Heated gently in leaden capsule with H s S0 4 — a piece of 
glass which has been coated with wax and then some characters 
inscribed with the point of a needle being used as a cover, the 
glass is eaten away (etched) where the wax has been removed. 

Sulphuric Acid, H^SO,.— Potassium sulphate may be 
used. 

Viy. Heated on charcoal with Na^COjin reducing flame — 
a sulphide is formed, recognised by the odour of H,S on addition 
ofHCL 

If the residue be placed on a silver coin, and then treated with 
HC1, a black stain of AgjS is produced. 

Wet. BaCl a — white ppt. of BaS0 4 insol. in acids. 

Silicic Acid, H 4 Si0 4 .— Sodium silicate may be used. 

Dry. Heated in microcosmic salt bead (made in the same 
way as a borax bead )— silicates are decomposed, and the SiO a 
floats about undissolved in the bead while hot 

Wet. HC1— in cone, solution, gelatinous ppt. of H 4 Si0 4 . 

If the solution be dilute, the II 4 SiO, does not separate. 

The solution being rendered distinctly acid with HC1, and 
evaporated to complete dryness ; then treated with a few drops 
of cone. HC1 and H,0 and heated — an insol. residue of SiCX 



AmCl— white gelatinous ppt. of H,Si0 4 . 

By fusion with Na^COj or fusion mixture insol. silicates may 
be decomposed, sodium or potassium silicates being formed. 

PHOSPHORIC ACID, HjP0 4 .— Sodium phosphate may be used. 

Wet. AmCl, AmHO, and MgCl, to alkaline phosphates 
(i.e. phosphates of K, Na, Am) — white crystalline ppt. of 
MgAmP0 4 . 

Am^MoO, (ammonium molybdate) in presence of excess of 
HNO s — yellow ppt on heating gently. 
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To the solution tested an equal volume of cone. UNO, should be 
added, and then a volume of Am.MoOj equal to that of the other two 

All phosphates, except those of the alkalies, are insol. in 11,0 ; 
the remainder are sol. in acids, but are reprecipitated on rendering the 
solution alkaline. From this property of phosphates, they are, if 
present in a mixture, pptd. with the members of Group III. on the 
the addition of AmCl and AraHO. Under these circumstances the 
H,P0 4 is removed before the examination of the ppt. for the ordinary 
members of the group is made. Directions are given in a special table 
for this elimination of H,PO ( . 

If H,PO ( is known to be absent from a substance being analysed, 
the special tests and methods necessary when it may possibly lie 
present can be omitted. 

Boric Acid, HjBOj.— Sodium borate may be used. 

Dry. Most borates contain a large quantity of water of 
crystallisation, and therefore swell up when heated. 

Wat, Acidulated with cone. H,S0 4 and alcohol (methy- 
lated spirits) added — the mixture on being inflamed bums with 
a green flame. 

The reaction may be performed in a small evaporating basin. 

Cu and Ba salts have green flame colorations, and in their 
presence the following modification of this reaction should be 
used. 

Fit a two-oz. flask with a cork, through which a glass jet is 
passed. Put the borate with HjSO, and alcohol in the flask, 
replace the cork, and apply heat. Set fire to the vapour as it 
issues from the jet— it burns with a green flame coloration. 
Cu and Ba do not affect the flame when produced in this manner. 

O kg a Nic Acids. 

Hydrocyanic Acid, HCN or HCy. 1 — Potassium cyanide 
may be used. 

Dry. Cyanides of the heavy metals, as HgCy„ are decom- 
posed by heat, with the evolution of Cy, which burns with a 
purple flame. 

i radical that it has 
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KCy and NaCyare not decomposed by ignition, but in the presence 
of air are rapidly converted into KCyO and NaCyO (cyanates). 
Owing to the avidity with which they combine with O they are valuable 
reducing agents. 

Wet. Heated with HC1 — all cyanides evolve HCy, having 
a characteristic odour of bitter almonds. Hold a watch-glass, 
on the bottom of which a drop of SAm, has been placed, in 
the gas thus evolved from a cyanide — AmCyS is formed ; allow 
the. excess of SAm, to evaporate, and wash the AmCyS into a 
test-tube, add a single drop of Fe^Cl,, — reddish coloration. 

AgNO,— white ppt. of AgCy readily sol. in AmHO. 

Oxalic Acid, HgC.,0^— Ammonium oxalate may be used. 

Dry. Oxalic acid sublimes on being heated, forming dense 
white fumes ; the sublimate crystallises in long needles, generally 
radiating from a common centre. Oxalates are decomposed 
into carbonates or oxides with evolution of CO and C0 2 . 

Wrt. Heated with cone. H a S0 4 — CO and CO, are evolved ; 
the mixture does not blacken. 

CaCI, or CaSO<, from ammoniacal or acetic acid solution- 
white ppt. of CaC,0„ readily soluble in HCI or HNO s . The 
ppt. on being evaporated to dryness and raised to a dull red 
heat is converted into CaCO s , which effervesces on the addition 
of HCI. 

Formic Acid, HCHOj^-Sodium formate (NaCHO,) may 

Dry. Formates, on being heated, split up into carbonates, 
oxides, or metals, with evolution of H„ CO, and CO a , and 
separation of C. 

Wat On addition of cone. H,S0 4 — characteristic smell of 
HCHOj; on heating CO is evolved without blackening or 
evolution of CO,. 

HgClj or Hg,(NO^ a — grey ppt. of Hg, CO, being evolved. 

FejCl;, — in neutral solution, a deep red coloration} addition 
of HCI changes the colour to yellow. On boiling, the solution 
becomes colourless, with separation of the iron as a basic 
formate. 
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Acetic Acid, HG,H,O a .— Sodium acetate may be used. 

Dry. Acetates are decomposed on the application of heat ; 
an inflammable liquid termed acetone, having a characteristic 
odour, is evolved. The metal remains as either carbonate or 
oxide, or in the metallic state mixed with C. 

Acetates, heated with a small quantity of As^Oj evolve 
cacodyl, having a most disgusting odour. 

Wat. Heated with H a SO,— characteristic smell of acetic 
acid is evolved. On heating with cone. H 2 S0 4 and a single 
drop of alcohol (not methylated spirit), acetic ether, having a 
characteristic and pleasant smell, is yielded. 

Fe,Cl n — reaction similar to that with formates. 

Benzoic Acid, HC,H s O a . — Ammonium benzoate may be 

Dry. Heated in a tube, benzoic acid sublimes and re- 
condenses in acicular crystals, an incense-like odour is evolved ; 
heated on platinum' foil the acid burns with a bright smoky 
flame. 

Wet. Heated with cone. H a S0 4 — benzoates produce neither 
blackening nor evolution of SO r 

FejCl, — in neutral solution a yellowish ppt. of ferric benzoate, 
soluble in excess. 

CaClj and alcohol— no ppt. 

SUCCINIC ACID, H a C 4 H<0,.— Ammonium succinate may be 

Dry. Heated in a tube, the acid sublimes and re-condenses 
as long and very delicate needles, fumes are evolved which 
produce violent coughing; heated on platinum foil, the acid 
burns with a blue smokeless flame. 

Wet. Heated with cone. HjSO,— no reaction. 

FjCl, — in neutral solutions a brownish-red ppt. which 
darkens in colour on adding AmHO. 

CaCl a and alcohol — white ppt. 

Tartaric Acid, H.;,C,H,0 8 .— Sodium potassium tartrata 
(Rochelle salt) may be used. 

Dry. Heated in a tube, the acid and tartrates are decom- 
posed with separation of C and evolution of odour of burnt 

t 2 
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Wet. Heated with cone. H a S0 4 — SO,, CO a and CO are 
evolved, and C separates and blackens the mixture. 

KCI— in solution acidulated with acetic acid— white crystal- 
line ppt. of HKC,H 4 O u . 

CaClj — white ppt. of calcium tartrate, sol. in acids, cold 
NaHO and amnionic salts, but insol. in AmHO. 

Citric Acid, H,C,H t O, — Citric acid may be used. _ 

Dry. Heated in a tube, pungent acid fumes are evolved, 

Wet. Heated with cone. H„S0 4 — CO and CO a are evolved. 
After prolonged heating the mixture blackens, and SO, is 
given off. 

CaClj added to solution exactly neutralised with NaHO— no 
ppt. in the cold (except on long standing), on boiling — white 
ppt. of calcium citrate. 

■ Unknown Inorganic 



Observe the appearance of the substance. Note particu- 
larly whether it be metallic, as if so, no acids need be searched 
for. Powder the substance finely, and keep in a clean watch 
glass, or if deliquescent, in a corked test-tube. 

Should the substance be a liquid, test whether acid or 
alkaline to litmus paper. Evaporate a portion to dryness, and 
use the residue for the dry examination. If the solution is 
neutral to litmus paper, leaves no residue on evaporation, and is 
odourless and tasteless, it consists of pure water only. (Ether, 
alcohol, &c., would also leave no residue, but would be at once 
distinguished by their smell.) 
- Perform the experiments in the order in which they are 
given, as in the later ones it is presumed that the information 
from the earlier ones is in the possession of the student Want 
of attention to this rule is a fruitful source of error with young 
students. 

An account must be kept of each experiment as performed ; 
a specimen of the results of analysis of a body as they should , 
be written out is given on page 297. 
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Preliminary Examination by the Drv Way. 



I. Heat a little of the powdered substance in a 

TEST-TUBE OR PIECE OF SMALL COMBUSTION TUBING 
CLOSED AT ONE END, AND A SMALL BULB BLOWN. 



Result. 
NH 3 is evolved 
Nitrous fumes evolved . 
\ sublimate is formed.' 

White 

Reddish -brown drops . 
Yellow 



Solid metallic sublimate . 
Sublimate of liquid globules 



Deduction. Presence of— 
Am salts 
Hitratoi of the heavy metals 

Am salts, HgCL, Hg.Cl.,, A.„o s , 
OdBi. At a red heat Sb, ; 6 = . 
Bnlpnni. 
AtjBj, Hgl,. The latter turns 

red on being rubbed. 
HgB ; turns red on being 

rubbed. 
In case of white sublimate. 
Test for Am by heating a little 
of the original substance with 
Rotation of NaHO— NH, 
evolved. Am it prennt. 
I Seat some of the original 
substance in a small tube with 
five Limes its weight of fusion 
mixture— solid metallic subli- 
mate— &«. Sub! imale of liquid 
globu.es— Hg. 
As. 



1 If there be no sublimate or other principal r 
' tests, SEC., under the heading of ' Deduction ' 
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II. Heat some of the substance on charcoal with 

THE BLOWPIPE IN OXIDISING FLAME. 



Result. 
The substance deflagrates 
An infusible residue remains. 



Residue coloured . 



Deduction. Presence of— 
Hitntet , Chlorates. 

ZnO, A1,0 3 , SiOj, BaO, SrO, CaO, 
KgO, &c. 

Moisten the white residue, when 
cold, with Co(NO,) : , and 
ignite strongly. 

Blue mass- A1,0,. 

Pink mass-KgO. 



C11O, MnO, ViO, CoO, F ej 0., 

Cr,0j. 

Heat a portion of the substance 
hi borax bead — 

O.F. green while hot, blue 
when cold— On. 

O.F. amethyst bead, R.F. 
colourless — Mn. 

O.F. sherry-red— Hi. 

In both flames, dark blue bead 
—Co. 

O.F. pale yellow, R.F. olive 
green bead— Te. 

In both flames, green bead— Cr. 
Test specially for Mn and Cr 
by heating with fusion mix- 
ture and KNO, on Pt foil. 
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Result. 

s formed with- 
out metallic bead. 

White, with garlic odour. 

Yellow while hot, white when 
cold. 

Reddish brown, deposited 
some distance from assay. 
A metallic bead is formed. 

The bead is white, malleable 
and not coated with oxide. 

Soft bluish-white malleable 
bead which marks paper. 
Incrustation yellow while 
hot, white when cold. 
Small red malleable beads 
with black coating of oxide. 

Brittle yellowish white bead ; 
with dark orange incrusta- 
tion while hot, light yel- 
low when cold. 

Soft malleable yellowish white 
bead ; with incrustation 
yellow when hot, white 
when cold. 
Brittle white bead, with dense 
white fumes, which form a 
white incrustation. 



Deduction. Presence of— 



Ag, Fb, Cn, Bi, Bn, Sb. 

Ag; dissolves readily in HNOj. 



Bn ; does not dissolve in HNO s , 
but is changed into white 
SnjO^HO)^ 
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Crimson . 
Yellowish red . 
Golden yellow . 
Violet 



Deduction. Presence of — 
Co, 2a, H .BO, ; with Cu bluish- 



it. In the presence of Na 
test flame coloration for K, 
with blue glass. 

This preliminary examination must on no account be omitted. 
Many reactions other than those mentioned in the table will occur, but 
those only are introduced which are characteristic of the different 
elements and compounds. When the substance under examination is 
a mixture of several salts, the reactions of the one may bide those of 
the others. The student, therefore, must not in every instance assume 
that an element is absent because he does not get its particular reaction. 

The following are the most important and characteristic reactions 
of the preliminary examination : — 

Experiment I. The presence or absence of salts of Am, Hg, and 
As. 

The presence of nitrates of the heavy metals. 

Experiment II. The presence or absence of nitrates and chlorates. 

The presence or absence of Mn, Co, and Cr. 

Experiment III. Confirmation of the presence of As, 

The presence of Zn, Cd, Bi and Sb. 

The borax bead and incrustation reactions of some metals are par- 
ticularly liable to be obscured by the others —thus Co masks all other 
bead reactions ; and one incrustation may hide another. By watching 
carefully, two incrustations may often be detected, as one metal may 
be moie easily reduced than another, and so form an incrustation first, 
which may afterwards be overlaid. 

Experiment IV. The presence or absence of Sr, Na, and K. 

When more than one of the metals which colour a flame are present, 
alternate flashes of each may sometimes be seen. 

If the substance be metallic, the presence or absence of Hg and As 
may be learned from Experiment I. Nos. II. and IV. may be omitled. 
In No. III. beat a fragment of the metal and observe if any charac- 
n be observed. 
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' Examination in the Wet Way. 
IF the substance be solid, proceed to make a solution, remembering 
that the substance must first be finely powdered. 

I. If the substance is metallic, add dilute HNO, ; and then, if 
necessary, the concentrated acid ; heat gently. The substance eilher 
entirely dissolves, or leaves a white residue of Sn,0,{HO)„ or Sb,O s . 

Wash the residue and boil with a concentrated solution of tartaric 
acid ; Sb^ is soluble, test the solution by H t S for Sb. Test the 
insoluble residue for Sn by reaction on charcoal. 

Evaporate the solution in HNO, until the nitrates begin to crystal- 
lise out; then add water, and again evaporate down. By this trea'- 
ment the free acid is driven off. The solution may then be examined 
in the ordinary way. 

II. If the substance is non-metallic, test its solubility in the follow- 
ing reagents in the order given :— 

1. HjO. Heat a small portion of the substance with Hfi in a test- 
tube ; if it be soluble, pass on to analysis. If it dissolve on boiling 
and re-ppts. on cooling, or is insoluble, pass on to trying HCI. 

2. HCI. First heat a small portion gently with the dilute acid ; if 
not readily dissolved, try concentrated HCI, and boil for some time 
if necessary j this will dissolve out almost all that is soluble. Filter off 
the solution. 

3. HNO,. If the substance contains either Hg, Ag, or Pb, use 
HNO, as a solvent instead of HCI: As oxides of Sn or Sb would be 
insoluble in HNO, wash the residue and treat with HCI ; mix the 
two solutions together; any ppt. formed will belong to Group I. 

4. Aqua regia, Digest any insoluble residue from 2 or 3 with 
aqua regia ; dilute and filter. Note whether globules of plastic S 
separate out; in which case a sulphide is present. Evaporate down 
the acid solutions until almost free from acid before proceeding to 
analysis ; HNO, in particular should be carefully driven off. 

PbCl, is sol. in hot H;0 and acids, and crystallises out as the 
liquid cools. 

If a ppt. is produced on diluting the acid solution, it prohably con- 
sists of an oxy-compound of Bi or Sb (as BiOCl). It readily dissolves 
on the addition of a little more acid. The dry examination will have 
proved the presence or absence of these metals. 

III. A residue insoluble in acids remains. The number of such 
substances is but few ; the following are the most important :— 

SiOj, and most silicates, Ag and Pb chlorides j Pb, Ba, Sr, and 
Ca sulphates; native and ignited compounds of A1 a 0„ Fe^,, Cr^O, 
SnO a and some native fluorides. 

■■■.Coo<>lc 



282 Text-Book of Inorganic Chemistry. 

Take about three grammes of fusion mixture and melt it in a 
platinum capsule over the foot-blowpipe flame; raise to a blight i c! 
heat. Take about half a gramme of the very finely powdered substance 
and add it in small quantities at a time to the liquid f-sioo mixture ; 
on each addition an effervescence follows ; wait until all acl.on is over 
before adding more. When the whole has been introduced and thus 
decomposed, allow it to cool. The blowpipe heat must be maintained 
during the whale of this operation. 

Should there be any reducible metal present, a porcelain crucible 
must be used instead of platinum ; but in this case traces of SiO( and 
Al a O, will be found from (he crucible. 

By fusion in this way the metal is obtained either as carbonate, 
oxide, or in the free state. The acid will have formed a potassium or 
sodium salt with the fusion mixture. When cold, boil up with water. 
The aqueous solution must be tested for acids. Filter off, and wash 
the residue thoroughly ; dissolve in HC1, and examine the solutiyn for 
the base. Should there still be any insoluble residue, the substance 
has not been entirely decomposed by the fusion mixture. 

It is impossible by this method to determine whether or not any 
alkalies are present in thu insoluble substance. To examine for alka- 
lies, proceed in the following manner : — 

Take not more than 0-5 grammes of the substance; mix with O'S 
grammes of pure AmCI and 4 grammes of pure precipitated CaCO,; mix 
thoroughly, and heal in a platinum crucible with a small Bunsen 
flame. The crucible should be placed obliquely, and the heat applied 
to the upper part of the crucible first, working toward the bottom. The 
heat should then be increased, and finally the mass ignited strongly for 
half an hour with the foot -blowpipe. Extract with successive small 
quantities of hot H,0 and filter : the filtrate contains the alkalies, as 
chlorides, and also CaCl 5 . Remove the Ca by ammonium oxalate and 
examine the filtrate for Na and K in the usual manner. 

The solutions obtained by decomposing an insoluble residue by 
fusion mixture must be examined separately from the aqueous or acid 
solutions. 

Proceed to examine a portion of the solution obtained by Table A. 
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Notes on Table A. 

The separation into groups is based on the insolubility of the 
chlu rides and other salts formed by the addition of various reagents; 
Ihey are then removed by filtration, each ppt. being thoroughly washed. 

Before proceeding to add the following group reagent, be sure that 
the preceding one bus been added in excess. If the ppt. subsides 
readily, leaving a clear solution on the top, a drop of the reagent 
should be carefully added ; if the liquid remains clear, go on to the 
next group; if a trace of ppt. forms, more of the reagent must be added, 
until a drop no longer produces a ppt. In some cases It will be neces- 
sary to niter a portion of the solution and make this test on the filtrate. 
An excess of SH, and AmHO may be recognised by their odour. 

In addition to the metals of Group I., HCI may ppt., from an 
alkaline solution, As.S,, S\S r SnS, and also H,Si0 4 (gelatinous 
ppt.) Note the colour of the ppl. BaClj may also be pptd. from a 
saturated solution of a baric salt, but is dissolved readily on the addi- 
tion of a liitle H,0. 

SH S in the presence of oxidising agents produces a ppt. of S in 
the second group ; it may be recognised by its being white and remain- 
ing suspended in the liquid. It does not interfere with the reaction ot 
the metals, and may therefore be neglected. 

The solution must not be too acid, as CdS is not ppld. in the pre- 
sence of a large excess of HCI. 

AmCl and AmHO ppt. not only the metals of Group III. A, but also 
phosphates of the metals of Groups III. and IV., and H,SiO„ if pre- 
sent. A small portion only of the filtrate of Group II. is first tested ; 
should there be a ppt., it is necessary to test for and remove the 
H,SiO„ if present. (Except in very few cases. SiO, will not be 
found when the substance has completely dissolved in H s O.) The 
presence of H,PO, requires special steps to be taken for its removal. 
The filtrate is boiled with HNO, in order to oxidise any ferrous salts 

The ppt. in Group III. A must be filtered and washed immediately, 
because Mn, if present, is after a time oxidised into MnjOsfHO),, and 
is then found in the ppt. If Mn be present in the substance, traces 
are always pptd. with the metals of Group III. A ; these, however, 
may be neglected. 

NiS is somewhat soluble in SAm„ to which it imparts a yellowish- 
brown tint. Under these circumstances, after filtering off the ppt., 
evaporate the filtrate nearly to dryness, add ILO, again filter, and test 
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the ppt. specially fot Ni by the borax bead reaction. Add Group IV. 
reagents to this second filtrate. 

Special care must be taken not to boil Group IV. solution, to which 
the reagents have been added, as thereby CaCO, is in part reconverted 
iUo CaClj, and passes over into the fifth group. 



Table B, for the examination of Group I. precipitate. 



~— ■—■•■- 


tube, add water, boil and filter while hot. Wash the 


Residue.— Add AmHO, and filter. 


Solution. -Add K.CrO. 

—yellow ppt. of 

PbCrfj.. 

Pb 1» present. 


Residue is blackened, 
and consists of 
NH,Hg,d. 

Confirmed by dry reac- 

Hff I* present n.« a 
morcurotw toll. 


Solution.— Add HNO, 
—a while curdy ppl. 
of AgCI, turning juir- 

ujihi. t * fmo " 

Confirmed by dry reac- 
Ak Ii present. 



The separation of the metals of this group depends on solubility of 
PbCI, in hot H,0 ; the solubility of AgCI in AmHO, and the in- 
solubility of HgjClj in that reagent. 

The absence of the reactions given may be taken as evidence of 
[he absence of the particular metals. Thus, if the ppt. left no residue 
an being boiled with water, AgCI and Hg.Clj cannot be present ; or 
if the water dissolved out nothing, PbCI, must be absent. 

If a portion of the PbCI, solution be set aside to cool, PbCI, will 
crystallise Out. 



>,GoogIe 



Text-Book of Inorganic Chemistry. 



hiatal JUfllrt? I 












I'Mli 

Mm 

jlfiy 


I-Ij.jICS-HjI 





BIS UlUl'd s 



l- s ifi'MlS « 



"-• { = S S5- 
!J1 M Si as 



Principles of Analysis. 287 

The separation of the metals of this group depends (1st) on the 
solubility of the sulphides of Sb, As, and Sn in NaHo, while the 
Others are insoluble. The As,S, is soluble in hydric ammonic car- 
bonate (solution of the solid carbonate, AmHCO,), and is thus 
separated from the sulphides of Sn and Sb. These are then dissolved 
in HCI ; on Pt and Zn being introduced, a voltaic action is set up, and 
this causes the dej>osition of the Sb on the Pt ; the Sn is deposited on 
the Zn ; both are then recognised by confirmatory tests. 

The sulphides insoluble in NaHO are soluble in HNO„ with the 
exception of HgS. This reaction therefore enables us to separate this 
sulphide. Any traces of Pb are removed by precipitation with H.SO, 
and alcohol (most sulphates are less soluble in alcohol and H.O than 
H r O alone). Bi(HO), is insoluble in excess of AmHOj Cu(HO). 
and Cd(HO)j are soluble. The blue colour of the ammoniacal solution 
of Cu(HO), is a sure test of the presence of Cu. Cu and Cd are both 
pptd. by KCy, and ate both soluble in excess ; from this solution SH~ 
ppts. CdS, but not CuS ; in this way the last two are separated. 

SjAm, may be used instead of NaHO for the separation of the 
sulphides of As, &c. If the presence of HgS is suspected, it is pre- 
ferable to use S,Am r as HgS is somewhat soluble in NaHO. If 
NaHO or SjAm s leaves a yellow residue, it can only consist of CdS. 
To be sure that it is not confounded with S, dissolve in HCI, and filter j 
add AmHO and SIIj— CdS is re-pptd. Iu the absence of the other 
sulphides, treatment with HNO„ &c, is of course unnecessaiy. 
UNO, ppts. S from SH, ; a white ppt., therefore, on treating the 
mixed sulphides with this reagent may be neglected. 

If, from the absence of any blue coloration on the addition of AmHO 
for the separation of Bi, Cu is known not to be present, proceed at 
once to test for Cd by adding AmHO in slight excess and SH 2 , when 
Cd will be pptd. as CdS if present. 

A careful preliminary examination should reveal with certainty the 
presence or absence of As, and Sb ought also to be detected if present. 
This knowledge is of material help in the examination of the ppt. 
containing As.S,, &c. In the known absence of As, treatment with 
AmHCO, is unnecessary. 

When directions are given to 'digest ' a ppt., put the test-tube con- 
taining it into a beaker of boiling water. This prevents the tempera- 
ture of the substance to be digested actually reaching the boiling 
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Table D, for the examination of Group III. A precipitate i. 
the absence of Phosphoric Acid. 



g .«n or reddish brown, Cr or I 
HU, add NaHO in excess, boil a 



e, AIJHO)„ only is present; if cr 



K.FeCy.-adarkbh 
ppl. 

Fe is present. 



*°crfour *™igh*tfre to- 
■nation of K.CrO,. 



Al : °lc 5nbiM °"wti h 
HO, and add a slight 

while gelatinous ppt. 
of AUHO).. 

Al 1* present. 



Cr is present. 

The separation and detection of the metals of lllis group depends 
on the solubility of AI s (HO). in NaHO ; the formation of a chromate 
by fusion of Cr compounds with fusion mixtute and KNO„ while Fe 
remains in the residue. 

To determine whether the Fe is present in the substance as a 
ferrous or ferric salt, test the original solution in H,0 or HC1 by 
K t Fe,Cy„ and AmCyS. 

Should the group ppt. contain any Mn, the solution after fusion 
with fusion mixture and KNOj will be coloured purple by perrnan- 
gamte. This, although obscuring the yellow colour of the fused mass 
and its solution, will not interfere with the precipitation of PbCrO,. 

It is difficult to obta'n NaHO free from alumina. In cases where 
the detection of Al is very important, NaHO prepared from Na should 
be nsed. The student should lest the NaHO for Al, and thus he will 
l>e able to judge whether his ppt. in this group is mori; than thai 
afforded by the reagents alone. 
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Tallin E,for the examination of Group III. A precipitate in 
t/u presence of Phosphoric Acid. 



solution is nearly neutral (ihis is known b 
or sufficient to produce a slight red coloratio 



II the H.PO, in combina- 
ltkI Cr if present Wash, 
c NaHO, and niter. 



foil with fusion mix- 
ture and KNO„ Dis- 
solve in H.O, filler if 
necessary! and add 
acetic acid and lead 

— yellow pot. of 
FbCrO.. 

Cr la present. 



Solution. — Acidulate 

with 1IC1, add AmllO 

Confirm by i^nitine the 
ppL on charcoaT and 
treatingwitJiCofNOJ, 
—blue coloured mass. 

Al la present. 



Croups III. B ai 
IV. Proceed, al t 

reded in general tab 
A, to add the sever 



Ammonium acetate ppts. the phosphates of Al, Fe, and Cr, if 
present. Should these be absent, Fe,Cl, is added in order to decom- 
pose the phosphates of Groups III. B and IV., chlorides of these 
metals being formed and Fe,(PO t ), ppld. The Fe,Cl, must be added 
cautiously, as the phosphate is soluble in excess of Fe a C],. The 
slightest excess produces a ted coloration, owing to the formation of 
iron acetate. On boiling, the whole of the iron is pptd. Fe a Cl, being 
here used as a reagent, Fe must be specially tested for. 

The detectign of At depends on the solubility of Al : (PO,), in 
KaHO, 
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Table F,for the examination of Group III. B precipitate. 



Wash the ppt. wilh 

up wilh cot! dilute H 



lour, proceed flcccrdinf 
ndication of the erest 
le SH, has been add< 



In CoS at 



I NiS. 



Confirm by repeal- 
ing this test with a 
trace of the resi- 

Co ii preterit. 



»hite, and con- 
sists of Mn(HO>, 
but rapidly turns 

00 Pi toil with 

and KNO,- 
blue residue. 

Mn ia present. 



ofZnS. . 
Confirm by ipni t- 
charcoal and 
liih Co(NoS 

Zn U present. 



Ni will have been 
indicated by solu- 
bility of NiS. In 
the presence of Co, 
dissolve the residue 

cone. HCT and' a 

IS3o_ boHHiitil 



Na,CO„ add KCy 
drop by drop until 
the ppt. first formed 
is just redissolvcd, 
boll briskly, then 
add larjre quantity 
of NaCIO solution 
ot Br water, and 

borax bead? 
Ni Is present. 



The separation of the metals of this group depends, first on the 
insolubility of CoS and NiS in cold dilute HC1. In the presence of 
Co, which is detected in the preliminary examination by the borax 
bead reaction, Ni is separated by ppting. the metals as cyanides, and 
then dissolving the ppt. in excess of KCy: from this solution NaCIO 
ppts. Nij(HO), but not Co. 

The separation of Mn and Zn depends on the solubility of Zn(HO), 
and insolubility of Mn(HO), in an excess of NaHO. 

Should the group ppt. be light in colour NiS and CoS arc absent ; 
if no Co reaction has been obtained in the dry examination, a black 
ppt. can only be NiS ; separation by KCy and NaCIO is then unneces- 
sary. It is well, however, to make sure of the absence of Co by testing 
the group ppt. by the borax bead reaction. 



Solution.— Boil off SH, (filter if 
necessary! add exeat of NaHO. 
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Table G, for the examination of Group IF, precipitate. 



Wash the ppt., dissolve in the smallest possible quantity of acetic acid. Test a 

small portion for Sr bv flame coloration on Pt wire, and atso by adding 
CaSO, to a portion and allowing it to stand for some minutes ; if Ba and Sr 
are absent, the ppt. must be CaCtX Confiim by largely diluting a portion of 
the solution with H,0 and adding ammonium oxalate— white ppt. of calcium 
oxalate. In the presence of Ba, add K_CrO. in slight excess to the main 


Precipitate is yellow, 
and consists of BaCrO.. 

flame coloration — 

Ba 1b present. 


Filtrate. -Add dilute H,SO„ filter and wash. 
Digest the ppt. for some time with AmHOanda 
saturated solution of Am-.SO.. Filter. 


Residue consists of 
with HO "nd"™* 
Br it preaent. 


Solution.— Dilutelargely 
and add ammonium 

Ca It present. 



The separation depends on the insolubility of BaCrO, in acetic 
ac'it, and the solubility of CaSO, and the insolubility of SrSO, in 
Am.SO,. 

BaCrO, is very difficult to filter ; the best plan is to use Tor this 
purpose a • Swedish ' filter paper, as this make has much finer texture. 

fn making flame tests, the yellowish red Ca coloration must not be 
confounded with tin rich crimson of Sr. 
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Table If, for the examination of Group V. solution. 



opt. gf MgAmPO.— Mg is 
lows :— Evaporate the soli 
a few crystals of pure oaal 



id Ni,HPO. and shake wcll-a white crystalline 

on to dryness, and ignite to eapel An salts, add 

id water and filter; evaporate the filtrate or the 

at in a very little H,0 with one or two drops ol 
r K by PtCU and a levf drops of alcohol in a 



Precipitate is yellow and crystal- 
line, and consists of (KCI),Fl6.. 

Confirm by flame coloration on Pt 



[Na may be confirmed by filtering off 
the ppt. of (KCI),Ptd., removing 
eicessof PtCl. (known by yellow 
colour of solution), by adding a grain 
of pure sugar, evaporating to dry- 
ness and igniting. The residue js 
then treated with H.O, filtered, 



Na li present, 



The separation depends on the insolubility of MgAmPO, for the 
detection of Mg, which is then removed by driving off Am salts, and 
converting the bases into carbonates by ignition with ojtalic acid, 
MgCO, being insoluble in H,0 and alkaline carbonates. The K is 
detected by its reaction with PlCl,. Na is rarely separated out, the 
golden flame coloration being usually relied on. 

If it is desired in Group V. to detect the bases of the group 
without separating them, the 'Allowing simpler method may be 
adopted :— 

Evaporate the solution to dryness and ignite so as to expel 

' Should HjPOj be present, in the absence of Mg and Groups III. and 
IV., it would form a. residue here ; under such circumstances, therefore, 
a residue is no proof of the presence of K and Na. H s PO, will have 
been tested for between Groups II. and III. ; if present, and it be desired to 
separate out Na, the HjP0 4 must be removed by the addition of AmKO, 
ammonium acetate and dilute FejCl« solution as directed in Table E. 
" in may then be proceeded with by adding HC1 and PtCi 4 . 
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Am ; if there be no residue all members of the group are 
absent. Dissolve the residue in H,0 and 

Test a portion of the solution for Kg by adding AmCl, 
AmHO, and NajHP0 4 . 

Test a second portion for K by adding HC1 and PtCi, : 
confirm by flame coloration. 

Test for Na by flame coloration. 

The presence of HjPO, does not interfere with the reactions 
of K and Na. 



Examination for Acids, 

Knowing the bases present, refer to the table of solubilities, 
page 304, as, if the substance were soluble in H,0, certain 
acids must be absent : thus a substance soluble in H,0 or HCI 
and containing Ba cannot also contain H,SO,. 

The presence or absence of nitric, chloric, «ilicic, and phoi 
phono acids will have been determined when examining for 
bases. 



Preliminary Examination. 

Treat a little of the Powdered Substance in a Test- 
Tube with Dilute HCI— warm gently. 1 

Result. Deduction. Presence of— 

Colourless, odourless gas CO,, from carbonates. 

evolved, which turns lime- 
water milky. 
A gas evolved, having the BH, from certain sulphides, 
odour of rotten eggs, which 
blackens lead- paper. 

1 When told to warm gently, the heat must not be suffiejemly intenss to 
drive off fumes of the acid reagent being used. 
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Result. 
CO., and SH, as on treatment 

with HC1. 
Nitrous fumes evolved and 

odour ofHNO.' 



Pungent acid fumes evolved. 



Acid fumes and reddish-brown 
vapours evolved, condensing 
into minute drops on the 
sides of the tube. 

Acid fumes and violet vapours 



HXO s , also indicated by de- 
flagration on charcoal 
Confirm by adding to aqueous 
solution of the substance 
mixed with HjSO,, FeSO,. 
Cl.,0, from chloratof, also in- 
dicated by deflagration on 
charcoal. 
HC1, HF. 

Add a little M:iO ., CI is evolved 

from HC1. 
The glass is corroded. 
Introduce into the mouth of 
the tube a glass rod moist- 
ened with a drop of H 3 0, 
filmofSiO^-ftomBF. 
Confirm by etching on glass. 



Confirm by cooling the tube 
and then adding CSj — violet 
coloration through I being 
dissolved.- 



Examination in the Wet Way. 
The acids do not admit of such ready and complete classi- 
fication as the bases, therefore in many instances special tests 
for certain acids are absolutely necessary. 

1 In the presence of an iodide, or bromide, this reaction of H NO; is very 
likely to be overlooked ; if there hive been any indications of a nilmte given 
by the preliminary examination for the bases, lest specially by HjSO, nnd 
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In preparing solutions for acids care must be taken to avoid the 
not uncommon error of dissolving the substance in the very acid lo be 
tested for. For this reason separate portions of solution are prepared 
in different acids for the different tests. 

The preliminary examination will have furnished the most 
characteristic tests for C0 2 , HP, and HH0 3 ; these and the acids 
detected in the examination for bases need not, therefore, be 
further tested for. 

Test systematically for other acids as follows : — 

H,S0 4 .— Treat a portion of the original substance with H a O 
and a little dilute HC1 ; heat very gently, and filter from any 
insoluble residue if necessary. Test the filtrate or solution by 
adding BaCl a , and heating — white ppt of BaSO,. H,80 4 is 
present. 

Sulphide* not decomposed by dilate HC1.— The presence of 
these will have been indicated by treatment with aqua regia, 
which liberates plastic 5. The aqua regia solution also gives a 
H,SO, reaction from the oxidation of the S. To test for these 
sulphides in the presence of sulphates, treat the substance 
with successive quantities of boiling water until these washings, 
after being acidulated with HCI, no longer afford a ppt with 
BaClj ; then treat the residue with aqua regia and test the 
solution for r^SO., by BaCL,— white ppt. of BaSO,. H,80 4 , 
produced by oxidation of lolpMdM, is present. 

HCl,HBr, HI. — Treat a portion of the original substance with 
HjO and a little dilute HNO s , heat very gently, and filter from 
any insoluble residue if necessary. To the solution or filtrate 
add AgNOs— 

White curdy ppt. of AgCl sol. in AmHO. HCI is present. 
Confirmed by preliminary examination. 

Pale yellow ppt of AgBr slightly sol. in AmHO. HBr U 
present. Confirmed by preliminary examination. 

Yellowish- white ppt. of Agl almost insol. in AmHO. HI is 
prevent. Confirmed by preliminary examination. 

Separation of HCI, HBr, and HI.— Wash the pptd. silver salts 
with water ; heat a small portion in a test-tube with cone. H 2 SO r 
Agl is decomposed by this treatment with liberation of free I, 
which may be recognised by its colour in the tube. AgCl and 
AgBr are not acted on by H n SO r In this way the presence or 
absence of iodides is determined. 

An Iodide being present. —Prepare the following reagent. Mix 
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together some solution of CuSO, and strong H 2 S0 3 , and heat 
gently. In this way cuprous sulphate, CujSO,, is formed. Add 
to the original HNO s solution of the substance some of this 
Cu,SO« and warm gentlyj cuprous iodide, CujI,, is pptd. ; heat 
with this reagent until no more ppt. is formed, thus showing 
that the whole of the iodide has been removed. Next proceed 
in the following manner. 

Iodide* being »bient. — Render the solution alkaline by adding 
pure KHO, and evaporate to dryness. Mix the residue with 
about four times its weight of powdered potassium bichromate, 
K,Cr a O„ and transfer to a small retort. Add some concentrated 
H a SO ( ,and place the stem of the retort in a test-tube containing 
distilled water. (Care must be taken that no trace of the mix- 
ture gets into the stem of the retort). Heat very gently ; if bro- 
mides be present, reddish-brown vapour of bromine is liberated 
and is carried over into the test-tube. If chlorides be present, 
a volatile compound of chlorine with chromium and oxygen, 
termed chlorochromic acid, Cr0 5 Cl„ is formed and distils over 
also as a reddish-brown vapour. Distil as long as any coloured 
vapour is evolved. 

Test the water for bromine by adding CS, and shaking 
up — brown coloration of the CS a shows that bromides are 

Decant the water from the CS a and add to it excess of 
AmHO, acetic acid in excess, and then lead acetate solution — 
a yellow ppt. of lead chroma te shows that CrOjCl, has distilled 
over, and consequently that chloride* are preient. 

HClOj. — This acid is in most cases sufficiently recognised in 
the preliminary examination ; its presence may further be con- 
firmed by ignition of the substance and testing for HC1. If 
chlorides be present, first remove these by precipitation with 
AgNO„ filter, evaporate to dryness, and ignite the residue ; 
dissolve in H a O with a little HNO a and test by adding AgNO a 
—white ppt of AgCl. HC10 3 ii preient in original substance. 

HjBOj. — Mix a portion of the substance with cone. H a SO ( 
and alcohol, and set fire to the mixture. If Cu or Ba be pre- 
sent, perform the reaction in a flask, inflaming the vapour — 
green flame coloration. H 3 20, ii proient 

Having thus made a complete analysis of the substance, 
the various bases and acids found should be entered at the foot 
•f the account of the analysis in the student's note-book. 
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Appended are the results of an analysis as they should be 
written. Remember that each experiment should be entered 
as performed. 

Example thawing how analytic remits should be written. 

Substance given for analysis— a light grey powder. 
Heated a little of the substance in a dry tube. 
Result. 
White sublimate, dark-coloured. 



Presence of— 



Dedui 
Am, Hg, As. 

Tested specially for Am by 
heating a portion with 
NaHO — no ammoniacal 
odour— Am is absent. 
Heated another portion of 
the original substance with 
fusion mixture — liquid me- 
tallic sublimate Hg. 
Heated a portion of the substance on charcoal before the 
blowpipe in oxidising flame. 
Dark-coloured residue. CuO, &c. 

Heated in borax bead in 
OF.— Amethyst bead, Mn. 
Tested specially for Mn by 
heating with fusion mixture 
and KNO s on Pt foil- 
bluish -green mass— Mn. 

Heated a portion of the substance with fusion mixture in 
the reducing flame. 
No special reaction. j Zn, &c, absent. 

Heated a portion of the substance, moistened with HC1, in 
the Bunsen flame. 



No 



I Cu, &c, absent. 



Tested the solubility of the substance, first with H,0, partly 
soluble ; second with dilute HC1. Dissolved readily with 
efterves 
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To 


portion of solution added HC1- 


No 


Diluted solution and passed H.S— 


Black ppt. fit 


Boiled filtrate till free from K,S. Tested portion for 
H,PO,— absent. Added to small portion AnCl 
and AmHO-no ppt. Added these reagenU and 


Ta»ny Yellow 


To filtrate added AmHO and Ajn,CX5» 


End washed. 


No ppt. Reserved solution far 
tests foi Group V. 



Examination of Group II. ppt. 



Washed, transferred to a test-tube, and digested w 


hNaHO- 


Residue.— Washed, boiled with cone. UNO,, diluted and 
filtered. 


latedwUh Hct~' 


Residue is. black, 
HgS. C ™nfiru.ed 
in preliminary. 


Solution, added H„SO. and alcohol — 


No ppt. 
As, SI) and Sn lie 


No 
Pli ia 


Boiled off alcohol and added 
AmHO in excess - 


No 
ppt 


Solution is not blue, 
added SH. solu- 




No ppt. 
Cdis 


No blue 
colors- 

Cuis 



Examination of Group III. B ppt. 



The ppt, being ughl-coloured. Ni and Co are absent ; Bashed, added e> 
. NaHO, heated and fllered- 


-" 


White ppt., which rapidly turned brown. 


Filtrate -added SH,— Nop 




Confirmed by preliminary reactions. 


Zn is absent, 




Mn is present. 
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Examination of solution for Group V. 







Tb.trt-.di. 


Na,HPO„ and shook v 


oltolly— 




No 


r , 


Evaporated Ihe 


K and Na are absent. 


p soluUon 


^ness 



Examination for Acids. 
Added HC1 to a portion of the substance in a test-tube. 

Colourless, odourless gas 
evolved, which turned lime- I 

Added cone H,SO t to another portion of the substance, 



At a comparatively high tem- f HCI. 
perature, a slight quantify of Added a little MnO„ CI 
acid fumes evolved ^ was evolved— from HCI. 



Special Tests in the Wet Way. 

For 

H 3 S0 4 .— Added BaCl 2 to portion of HCI solution— no ppt. 
H a S0 4 is absent. 

HCI.— Added H s O andHNO s to portion of original sub- 
stance, and then added AgNO, — white curdy ppt. 
of AgCl, readily soluble in AmHO. HCI is present. 

HjBO a .— Mixed a portion of the substance with cone. H,SO, 
and alcohol, and set fire to the mixture — no green 
flame coloration. H a BO s is absent. 

Results of Analysis, Found — 

Bases— HgO, MnO, 
Acids-CO s , HCI. 

■ Cookie 
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Directions for the Analysis of unknown Substances 
containing organic acids in combination with 
Inorganic Bases. 

The methods employed for the analysis of these substances 
are in the main similar to those used in the case of inorganic 
compounds ; somewhat greater care is, however, necessary in 
discriminating between the various acids. 

Preliminary Examination for Base.— This is to be 
conducted in the same manner as with inorganic salts, except 
that the reactions of the various inorganic acids given in the 
table for the preliminary examination need not be looked for ; 
but instead the following additional reactions in a dry tube 

Heat j 



From acetate*. 



Succinic Mid. 



Oxalic acid. 



Gas evolved, which burns with 
a peach - blossom - coloured 

Acetone is evolved. 
Crystalline sublimate is formed, 

and incense-like odour 

evolved. 
Crystalline sublimate is formed, 

and fumes which cat 

lent coughing. 
Crystalline sublimate is formed, 

and abundance of white fumes. 
CO is evolved. 
Odour of burnt sugar evolved, 

and carbonaceous residue. 
Pungent acid fumes, and car- 
bonaceous residue (also 

slight odour of burnt sugar.) 

In the examination for bases in the wet way, proceed as 

directed in the tables as far as the separation of Group II., then, 

after boiling the filtrate till free from SH, add a little cone. 

HNOj, evaporate, to complete dryness, and ignite the residue, 



Deduction . 
Cy, from certi 



Presence of — 



From formates and oxalate*. 
Tartaric acid. 



Citric acid. 
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which should be kept at a red-heat until any C present is 
burned away. 1 When cool, add a little cone. HCI, dissolve in 
H a O, and add AmCl and AmHO ; proceed for the rest of the 
table as with an inorganic compound. The organic acids are 
destroyed at this stage of the analysis by ignition, because the 
presence of some of them prevents the precipitation of the 
members of Group III. A. Ignition is not advisable before 
commencing the analysis, as thereby Hg and As salts would 
be expelled. 

Examination for Acids. 
The preliminary examination must be made with very great 
care, as a systematic separation of the organic acids is in many 
instances only performed with difficulty. 

Preliminary Examination. 
Heat a portion of the Substance in a Test-tube 

WITH CONC. H a S0 4 . 

Result. Deduction. Presence of— 

Gas evolved having odour of 



bitter almonds. 



Odour of formic acid 
Smell of vinegar 



Confirm by allowing the gas to 
act on a drop of SAm, on a 
watch-glass, and subsequently 
testing by Fe,Cl, (see page 
374)- 
Fonnio Mid. 
Acetic Acid. 
Confirm by adding single drop 
of alcohol and observing smell 
of acetic ether. 
CO and CO, evolved (gases Oxalic acid. 
which respectively are in- 
flammable, and turn lime- 
water milky). 
CO, CO„ and SO s evolved with 

blackening of the mixture. 
GO and CO a evolved, but mix- 
ture does not blacken until 
after some time, when SO a 
is also evolved. 

1 In the absence of a ppt. wilh HCI and SH 2 , time msy be saved by 
igniting a portion of the original substance instead of evaporating to 
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The preliminary tests for organic acids depend largely on the sense 
of smell ; the reactions should therefore be carefully made on the 
known substances until the various odours can be recognised with cer- 
tainty. When more than one acid is present the difficulty is increased, 
but even then the different acids may often be detected. Apply to the 
nose several limes during the experiment, as the reactions of the 
whole of the acids do not occur al the same temperature, and thus 
they may frequently be detected in succession. Many persons are 
unable to smell HCy ; when such is the case, special tests must be 
made for the detection of that acid. 

Separation in the Wet Way. 

If sulphuric acid give a reaction in the preliminary examina- 
tion, introduce a portion of the substance in a small retort, add 
dilute H a SO ( , and distil : acetic and formic acids, if present, 
will be found in the distillate ; to a portion of this add 
Hgj(NO,) a and beat gently— grey ppt. of metallic Hg. Formic 
Mid is preient. 

To test for the remaining acids, prepare a solution in the 
following manner:— If the metals of Groups 1. and II. be 
present, remove them by their respective group reagents, boil off 
SH„ and filter ; add slight excess of Na^CO, to filtrate, and boil 
for five minutes, filter off any ppt. and test filtrate for acids. In 
the absence of Groups I. and II. proceed at once to adding 
NajCOj ; if the only bases present are NajO and K a O, the 
subsequent tests may be made directly on the original 
solution. 

Acidulate a portion of the solution thus prepared by HNO„ 
add AgNO a in slight excess : a white ppt. is formed consisting 
of AgCl (from the HC1 used in separating Group I.), and AgCy 
if HCy be present. Wash, dry and ignite the ppt. : AgCy, if 
present, is decomposed with separation of metallic Ag (AgCl 
remains unaltered). Dissolve in HNOj, filter, and add HC1— 
white ppt. of AgCl. HCy is preient in lubitanoe. 

In the known absence of HC1, the ppt. with AgNO, can only 
be AgCy. Care must be taken that in igniting !he ppt. no reducing 
action takes place— thus none of the filter must be present. 

Neutralise the main portion of the solution if alkaline (from 
the addition of NajCO,) by adding dilute HNO s drop by drop, 
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and boiling, until a slightly acid reaction is obtained on testing 
with litmus ; then exactly neutralise by adding a drop (or two) 
of dilute NaHO. Neutralise if acid (from original substance 
containing a free organic acid), by adding NaHO drop by drop 
until without action on litmus-paper. 

Table for the separation of Organic Adds. 



To the neutral solution add Large eicess of CaCL, shall; up, allow to stand for 
twenty minutes, and filter. 


Precipitate.— Wash, add cold 
NaHO, and filter. 


E.™„- M ,r„„„„™^ 


consists of cal- 
cium citrate. 

Confirm by dis- 
BlvingmHCl 

by r AmHO g 'i 
al» by pre- 

OttriOMMtf 


Filtrate.— Add three times 
the volume of alcohol, and 
filter. 


Residue con- 
Confirm hy Een- 
CaCO,ispro^ 

effervescence 
onarfditiMNof 
HCI. 

Oxalic add 

la precotit. 


tartrate, if 
present, is re- 

Confirmed by 

Tartaric 
acid la pre- 


Precipitate 

Confirmed by 

era acinic 


tral' solution 
of Fe,a„- 

ppt, 

Beniolc 
add la pre- 



It is necessary before testing for the organic acids lo remove (he 
heavy metals, as they interfere with certain of the reactions ; ammonia, 
if present, is also expelled (by boiling with Na a CO,) for the same 

The NaHO, used for the separation of oxalic and tartaric acids, 
must be free from carbonate. To effect this, add some lime to the 
NaHO solution, shake up, allow to subside, and draw off the clear 
solution, as wanted, with a small pipette. Keep the bottle closely 
stoppered and shake up from time to time. 

The Fe,Cl, used for Ihe precipitation of ferric bePtokt* must con- 
tain no free acid ; to effect this, add a drop of AmHO, Ro as to pro- 
duce a slight ppt., and filter. The separation of the organic acids musi 
throughout beconducted with great care. 
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I. Table or Solubilities.— (See Page 293.) 
(Thorpe and Muir.) 

This table is so arranged that the bases are placed at the 
heads of the columns, the acids with which they may be com- 
bined at the side. 

The figures refer to the various menstrua in which the salts 
are soluble. Thus : 

I. means soluble in water. 

II. means soluble in acids, but insoluble in water. 

III. means insoluble in both water and acids. 

The solubilities of the more commonly occurring salts arc 
indicated by large letters I. II. III., while those which are of 
less frequent occurrence have small letters placed after them— 
i, 2, or 3- 

Some substances belong to more than one class — this is 
indicated thus : 1-2 means a substance difficultly soluble in 
water, but soluble in acids. 1-3 means a substance soluble 
with difficulty in water, the solubility of which is not increased 
by the addition of acids. 

2-3 means a substance insoluble in water, and but slightly 
soluble in acids. The solubilities of the more commonly 
occurring double salts are given in a separate table. In this 
table a few of the simple and compound Cyanides are also 
enumerated. 

A small number attached to the figure indicating the solu- 
bility of a substance, thus II„, means that further information is 
given in the notes to the table. 
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Table of Solubilities.— No. 

Cyanide cf Potassium .... 
Fowyanide „ , 

Ferricyanide „ .... 

Ferrocyanide of Zinc and Potassium . 
Prussian lint ...... 

DOUBLE SALTS. 
Potassium-aluminium sulphate . 
Aluminium-ammonium sulphate 
Potassium-ammonium tartrate . 

„ Ferric 

„ Antimony „ 
Sodium ammonium phosphate . 
Ammonium-capper chloride 

Platinum- ammonium „ ... 



Notes to Table of Solubilities. 

i. Hydrochloric acid converts minium into chloride insoluble in 
excess of the reagent. Nitric acid dissolves it partially, but converts 
some of it into insoluble brown lead peroxide. 

2. Anlimonious oxide, soluble in hydrochloric, but insoluble in 
nitric acid. 

3. Sik/er sulphide, soluble only in nitric acid. 

4. Mercurous and mercuric sulphides, soluble only in aqua regia. 

5. Arsenic sulphides, decomposed slightly by boiling strong hydro- 
chloric acid, but decomposed and dissolved by nitric acid. 

6. 'Pin sulphides are decomposed and dissolved by hydrochloric 
acid, nitric acid converts them into insoluble hydrates. 

7. Anlimonious sulphide, dissolves in strong hydrochloric acid. 

8. Nickel and cobalt sulphides, much more easily decomposed and 
dissolved by nitric than by hydrochloric acid. 

9. Basic bismuth nitrate, soluble in acids. 

10. Basic lead acetate, partially soluble in water, completely so ht 
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List of Reagents, 

Sodium Hydrate, SaHO. Dissolve one part of the pure sticks 
or lumps in ten parts of water. 

Sodium Phoiphate, Hs,jHPO v One part to ten of water. 

Sodium Carbonate, Ha,CO r One part to five of water. 

Potaaainm F-orrocyiuiido, K,FeCy 6 . One .part to twelve of 
water. 

Potaaainm Cyanide, KCj. One part to eight of water. (Solu- 
tion made only when required.) 

Ammonium Oxalate, An^CJ),. One part to twenty-four of 

Ammonium Chloride, AmCL One part to six of water. 

Ammonium Carbonate, Arn^CO.,. One part to five of water, and 
one part of strong ammonia. - 

Ammonium Sulphide, -Am^S. Three parts of concentrated 
hydric amnionic sulphide, two of strong ammonia, and fifty of 

Ammonium Hydrate, AmHO. One part of concentrated 
solution to three of water. 

Ammonium Sulphate, Ara^SO,. Make a saturated solution. 

Barium Chloride, BaCLj. One part to ten of water. 

Ferric Chloride, re 2 Cl, 1 . One part to ten of water. 

Calcium Chloride, CaCl 2 . One part to five of water. 

Silver Hitrata, AgVO s . One part to twenty of water. 

Lead Acetate, Pb. (C^H^O,);. One part to ten of water. 

Cobalt Nitrate, Co(NC 3 ),. One part to ten of water. 

Acetio Aoid, HC 2 H 3 O s . One part of the glacial acid to two 
of water. 

Sulphuric Acid (dilute), H 2 B0 4 . One part of the concen- 
trated acid to five of water. fc 

Sitrio Acid (dilate), HSO,. One part of the concentrated 
acid to three of water. 

Hydro ohlorio Acid (dilute), HCL One part of the concen- 
trated acid to three of water. 

Sulphurotted Hydrogen eolution, H.S. Pass the washed gas 
into water until saturated. 

Purio^ Mixture. ! Used in the solid state 
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Sodium Hypochlorite, VaCIO. Dissolve six parts of bleaching 
powder (CaOClj) in seven parts of water ; add twelve parts of 
crystallised sodium carbonate, dissolved in the smallest possible 
quantity of water : shake up, allow to subside, and filter off the 
clear liquid, which is a solution of NaClO. 

FotMunm Fsrricyanide, X b Fe a Cy ls . One part to twelve of 
water. (Solution made only when required.) 

FotaMium Chromate, K.CrO,. One part to eight of water. 

Fotawium Iodide, XI. One part to twenty of water. 

Fotajaium Nitrate, KK0 S . Used in the solid state. 

Ammonium Bulphocyanide, AmCyS. One part to ten of 

Ammonium Acetate, AmC.H^O.. One of concentrated solu- 

Ammonium Molybdata, Am^McO,. Dissolve 150 grammes of 
the salt in one litre of water, and pour into one litre of dilute 
nitric acid (one of acid to one of water). The acid must not be 
poured into the solution cf the salt. 

Mercuric Chloride, HgCl... One part to sixteen of water. 

Platinum Chloride, FtCl 4 . One part to ten of water. 

Magnoaium Sulphate, MgSO,. One part to ten of water. 

BUnnout Chloride, SnCI.j. Dissolve by boiling with a little 
concentrated hydrochloric acid ; to one part of the salt add 
four parts of water. Keep some granulated tin in the bottle. 

Calcic Sulphate, 0aSO ( . Shake up the salt with water, and 
decant the saturated solution. 

Ferroui Sulphate, FeSOj, One part to ten of water. (Solu- 
tion made only when required.) 

Tartaric Acid, H a C 4 H,O d . One part to three of water, (Solu- 
tion made only when required.) 

Conoentrated Sulphuric, Nitric, and Hydrochloric Acido, 

Bnlphurom Acid Solution, K,B0 3 . Pass the washed gas into 
water until saturated. 

Lime Water, Ca(H0) s . Place some quicklime into a bottle, 
add water, shake up, allow to subside, and decant the clear 
solution. 

Barium Hydrate, Ba(HO),. One part to twenty of water, 
shake up, allow to subside, and decant the clear solution. 

Hydrogen fotauinm Sulphate, KH60,. Used in solid State. 
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Htaroh. Shake up one of starch to about twenty of cold 
water, boil, and allow to cool. (Solution made only when 
required.) 

Vierooonnie Salt, HaHAmFO,. Used in solid state. 

Methylated Spirit. Use the commercial spirit 

Alcohol. U se the ' Sp. Vini. Rest! of the chemist. 
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QUESTIONS AND EXERCISES. 

SELECTED PRINCIPALLY FROM 

EXAMINATION PAPERS OF THE SCIENCE 
AND" ART DEPARTMENT. 

ie numbers lo the right are those of the pages on which 
) the questions may be found. The student should 
endeavour, however, to write his answers as far as possible in 
his own language 

i. Define 'chemistry,' 'element,' 'compound," mixture' , 1,7 

2. Describe an experiment to illustrate the indestructibility 

of matter in the case of a burning candle. Give a 
drawing of the apparatus you would use. (S. and A. 
D. Ex.' 1878.) 
It is stated that matter is indestructible ; describe any 
experiments which confirm the truth of this statement. 
(S. and A. D. Ex. 1881) 4 

3. In what ways do a mixture of copper and sulphur differ 

after being heated from their condition previous to 
the application of heat? 6 

4. Describe the relation which exists between chemical 

action and other forces, especially heat . . . 7, 8 

5. Explain the meaning of the terms analysis and synthesis, 

and give two cases of each in illustration. (S. and 
A. D. Ex. 1886) 8 

6. What are the effects respectively of ' gravitation,' 

'cohesion,' and 'chemical action' on matter? . . 9 

7. In what way does chemical attraction differ from the 

other natural forces? Mention some experiments 

which illustrate this difference 13 

1 Science and An Department Examination. 
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8. A wooden laih is suspended horizontally by means of a 

thread. A dry glass rod or tube is now briskly 
rubbed with warm silk, and then brought near to one 
end of the suspended lath : what occurs ? (S. and 
A. D. Ex. 1876) 14 

9. What happens when a glass rod moistened with con- 

centrated sulphuric acid is brought very near to a 
small heap of a mixture of sugar and potassic 
chlorate, but so as not to touch the heap? fS. and 

A. D. Ex. 1876) 14 

la Mention and describe the different modes of chemical 
action. Give at least one experimental illustration 

1 1. What takes place when solution of mercuric chloride is 

added to solution of potassic iodide ? ( S. and A. D. 
Ex. 1875) 16 

12. A white powder is shaken up with distilled water ; how 

would you ascertain whether any of it dissolves? 

(S. and A. D. Pract. Ex. 1880) 18 

13. A glassful of dirty water is given to you. Describe 

with sketch the plan you would adopt, first for ren- 
dering the water clear, and secondly, for ascertaining 
whether the clear water contains any dissolved solid 
matter. (S. and A. D. Ex. 1880) .... 19 

14. Describe fully how you would proceed in order to 

obtain pure water from sea water . . .20 

15. Explain the meaning of the terms 'sublimation/ ' vola- 

tile,' ' fixed,' and ' ignition ' 21 

16. Give a short account of the metric system of weights 



17. What do you understand by the temperature of a hody, 

and how is it measured ? 26 

18. Describe the Fahrenheit and Centigrade scales. Con- 

vert 200 and — io° C. into Fahrenheit, and 6o° 
and — 40 F. into Centigrade degrees . . .27 
2 °°°C.* 9 + y-36o + 33-393° F. 

(6o"F.-32)*S _28x5_ ,..,. c 
9 9 * ' 
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Questions and Exercises. 3 1 3 

19. Define quantity of heat, and explain wherein it differs 

from temperature 28 

20. What is meant by absolute temperature ? State the 

laws governing the relation of the volume of a gas 
to its pressure and temperature . . . .28 
31. Classify the chief elementary substances into metals and 
non-metals, and into positive and negative elements. 
(S. and A. D. Ex. 1875) 31,94 

22. By what properties is a metal distinguished from a non- 

metal ? Arrange the following elements under the 
above heads : — 

CI. K. P. S. N. Na. As. H. Fe. (S. and A. D. 
Ex. 1879) 32 

23. Mention the elements which at ordinary temperatures 

are respectively gases and liquids. State the 
approximate composition of the earth's crust . . 33 

24. Explain carefully what is meant by ' symbol,' ' formula,' 

and ' chemical equation ' 33 

25. What is understood by the terms 'atom,' 'combining 

proportion,' ' combining weight,' and ' atomic 
weight'? 37 

26. Give an account of the discovery of oxygen . . -39 

27. You have given. to you some red precipitate (mercuric 

oxide) : state (1) whetheryouconsiderthissubstance 
to be a simple or a compound body ; (2) whether it 
undergoes any chemical change when submitted lo 
the action of heat ; and if so, {3) what is the nature 
of the change, and how it can be expressed symboli- 
cally. (S. and A. D. Ex. 187+) 
How would you prove by experiment that mercuric 
oxide is a compound and not an elementary sub- 
stance ? Sketch and describe the apparatus you 
vould use for this purpose. (S. and A. D. Ex. 
1880} 8,40 

28. I beat potass ic chlorate in a flask until effervescence 

commences: what chemical change takes place? 
I then drop into the flask some peroxide of manga- 
nese: what happens? (S. and A. D. Ex. 1879) 41 
29 What are the resulting products when hydrogen, carbon, 
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sulphur, and phosphorus are burnt in oxygen ? 
Express the reactions by equations. (S. and A. D. 
Ex. 1874-) 
1 heat, as strongly as possible, a fragment of each of 
the following substances in a. glass tube through 
which a current of air is passing : sulphur, phos- 
phorus, charcoal. What chemical changes take 
place ? (S. and A. D. Ex. 1876) . . . .'46 

30. What are the principal properties of oxygen ? . .45 

31. What takes place when electric sparks are passed 

through dry oxygen ? (S. and A. D. Ex. 1877) . 46 

32. What do you understand by an allotropic form of 

oxygen? How is this substance distinguished from 
ordinary oxygen ? (S. and A. D. Ex. 1881) ■ 47,48 

33. Some moist phosphorus is placed in a jar filled with 

atmospheric air, and a slip of paper which has been 
dipped into water containing starch and potassic 
iodide is suspended in the jar : state what occurs. 
(S. and A. D. Ex. 1875) 47 

34. Sketch the apparatus you have seen used for preparing 

hydrogen (i) by the action of sodium on water, (2) by 
that of zinc on sulphuric acid. (S. and A. D. PracL 
EX.18S1) . .53.57 

35. Translate into words the following equation : — 

20H, + K, . 20KH + H... (S. and A. D. Ex. 
1879.) 
The reaction is similar to that with Na. . 56 

36. Into a boiling solution of caustic soda I drop some 

fragments of granulated zinc : what chemical change, 
if any, takes place? (S. and A. D. Ex. 1876) . . 55 

37. Describe the chemical change which takes place when 

steam is passed over red-hot iron filings . . . 56 

38. Describe exactly how you would show the formation of 

water from burning hydrogen, and sketch the appa- 
ratus. (S. and A. D. Pract Ex. 1880) ... 58 

39. What are the principal properties of hydrogen ? . .58 

40. Describe the process of gaseous diffusion, and state the 

law governing its rate 60 

41. Give examples of oxidising and reducing agents . , 63 
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43. Wherein does nascent hydrogen differ in its chemical 

behaviour from that element in its free state ? . -63 

43. How would you prove the presence of solid and gaseous 

impurities in water ? 66 

44. Describe carefully the changes produced by raising the 

temperature of a piece of ice from — io° to 1 50 C. . 67 

45. Explain the terms ' crystal,' ' dimorphous/ ' amorphous,' 

and* water of crystallisation' 70 

46. Describe an experiment for proving that water is a 

compound body, and stale precisely the conclusions 
to which the experiment leads you. (S. and A. D. 
Ex. 1877) • • • ...... . .71 

47. A mixture of five volumes of hydrogen and three 

volumes of oxygen are exploded by an electric spark : 
will any gas remain ? If so, how much, and how 
will you ascertain what it is? (S. and A. D. Ex. 
1879) 7S 

48. Describe an experiment by means of which you would 

prove the relation which exists between the volume 
of hydrogen and oxygen, and of the steam produced 
by their combination 75 

49. What is the composition of water by weight, and how 

may it be experimentally determined? , . .77 

50. Describe two processes for the preparation of chlorine. 

Give an equation and a sketch of the apparatus in 
each case. (S. and A. D. Ex. 1878) ... 83 

5 1. Three pint bottles of chlorine are given to you : describe 

the experiments you would make with them in order 
to show clearly the characteristic properties of this 
body. (S. and A. D. Ex. 1880) .... 84 

52. Hydrogen burns in chlorine. How would you make 

this experiment ? Give a sketch. (S. and A, D. 
Pract Ex. 1881) 85 

53. Chlorine water exposed to light loses its colour. How 

do you account for this ? 87 

54. What happens when steam is passed through a red-hot 

porcelain tube, and when a mixture of steam and 
chlorine is passed through the same tube ? (S. and 

A. D. Ex. 1877) 87 
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55- Describe with a sketch the method you would employ 
■for the preparation of hydrochloric acid ; also give 
equations 91 

56. What are the principal properties of hydrochloric 

57. Hydrochloric acid is stated to be composed of equal 

volumes of chlorine and hydrogen united without 
condensation : how would you prove experimentally 
that this is the case— (u) by analysis; {b) by synthesis? 
(S. and A. D. Ex. 1878) 94 

58. Describe clearly why the formula H„0 has been given 

to water ■ . ■ . 98 

59. Calculate the percentage composition of potassium 

chlorate (chlorate of potash). (K~39. CI* 35*37. 
.0 = 16.) (S. and A. D. Ex. 1878) . . . . 10J 

60. What is the percentage composition of water ? (S. and 

A. D. Ex.1875) l<" 

The formula of water is H.,0 ; the molecular 

weight = 2 + i6 = i8. 
Therefore 18 parts of ■water contain 2 pails of H. 
„ „ 16 „ O. 

As 18 : 100 : : 2:1111 per cent, of H. 
„ 18 : 100:: 16 : 8888 „ O. 

61. What is the percentage composition of hydrochloric 

acid? (S. and A. D. Ex. 1874) . . . .101 

62. Determine the percentage composition of the following 

substances : potassium nitrate, sulphuric acid, zinc 
sulphate, and Ammonium nitrate , 101 

63. What is the chemical formula of a body having the 

following percentage composition ? 

S . . . 32-65 

O 6531 

H . 2'o 4 
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Dividing each number by the atomic weight of the 
element, — 

2*1- 1*2 of S. 
? 3 '3I=4<o8ofO. 

3 ^ = 2-o 4 6fH.- ' 

Determining the lowest series of whole numbers having 
the same ratio, — 

!2- 2 .,ofS;e5. 4 0f0; 2 J21.20fH. 

I "02 I -02 2-04 

The formula is H 3 S0 4 . 
64. A body on analysis gave the following results : what is 
its formula ? 

C 1429 

O 57-14 

H 119 

Na . . . 27-38 

100-00 . ioi 

6;. Calculate the formula for a body which has the follow- 
ing percentage composition : oxygen, 38-1 ; hydro- 
gen, 0-8 ; phosphorus, 24-6 ; sodium, 36-5 . . 101 
66. Air contains 23 per cent, of its weight of oxygen : 
how many grams of phosphorus are needed to 
burn out the whole of the oxygen in 100 grams of air 
when the highest oxide of phosphorus is formed? 
P-31. (S. and A. D. Ex. 1878) . . . .104 
From the question, there are 23 grams of O in 100 
grams of air. The chemical action when P 
burns in O is represented in the following 
equation : 

2P + 50 RjOj 

31x2 = 62 16^5-80 62 + 80=142. 
To bum out 80 by weight of O, 62 of P ate re- 
quired ; then — 
As 80 : 23 : : 62 : 17-8 grams of P required to burn 

■ out 23 grams of O 104 
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67. How many milligrams of hydrogen are evolved when 

460 milligrams of sodium (Na-23) are thrown into 
water? Express the decomposition by an equation. 
(S. and A. D. Ex. 1877) 104 

68. What weight of hydrogen would be evolved from 

sulphuric acid by the solution therein of one kilogram 

69. In order to prepare a certain quantity of phosphorus 

pentachloride, 600 grams of chlorine are required ; 
these are obtained from a solution of hydrochloric 
acid containing 40 per cent, of HC1 and manganese 
dioxide. Required the quantity of* each of these 
requisite, and also the weight of pentachloride that 
the 600 grams of chlorine are capable of producing 
by its action on phosphorus 104 

The following equations represent the chemical 
changes :— 

4HC1 + MnO, - MnCLj + 2H s O + CI,. 

[ + 35J 55 + 33 55 + 71 36 71 

4x36-5 87 126 

146-0 

P + 5C1 - PC1 B 

31 177-5 =08-5 

As 71 : 600 : : 146 : 1234 grams of pure HC1 required. 
As the solution contains but 40 per cent, then — 
As 40 : 1234 :: 100 : 3085 grams of 40 per cent. 

solution required. 
As 71 : 600 : : 87 : 735 grams of MnO a required. 
As 177-5 : 6°° : : 208-5 : 7°4 grams of PClj produced. 

70. Define Avogadro's law, and state what bearing it has 

on the composition by volume of compound gases . 10c 

71. What reasons have chemists for considering that the 

atoms of elementary gases combine together to form 
molecules ? and why is the molecule of hydrogen 
assumed to consist of two atoms ? . . . . loi 

72. What is a crith, and how is it employed by chemists ? 

(S. and A. D. Ex. 1874) . , . . . .111 
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. If 113 litres of hydrogen weigh ten grams, what is the 
weight in grams of the same volume of chlorine, and 
of the same volume of .hydrochloric acid gas? (S. 

and A. D. Ex. 1880) 1 

The density of every gas is half its molecular weight ; the 
densities, therefore, of hydrogen, chlorine andhydro- 
chloric acid are — 

Hydrogen - - 1 



Hydrochloric acid ^1 - 18-25. 

The weight of 1 12 litres of chlorine is therefore — 

10 grams x 35-5 = 355 grama ; 
and of hydrochloric acid, 10 * 18-25 = 182-5 grams. 
74. How many grams of oxygen and how many of hydro- 
gen are required in order to prepare 500 grams of 
water ? How many litres will the hydrogen measure 
if each gram measure ii"2 litres? How many litres 
will the oxygen measure, its density being 16 times 
as great as that of hydrogen? . . 1 

H, + H 4 

2 16 ~7& 

As 18 : 500 :: 2 : 55-55 grams of hydrogen. 
As 18 : 500 : : 16 : 444-44 grams of oxygen. 
55-55 x 11-2^622-16 litres of hydrogen. 
4&M1111- 3 iiiq litres of oxygen. 

Note. — The volume of oxygen is here calculated from the 
data given in the question, but the simpler and more 
natural method is to determine it direct from that 
of hydrogen. A molecular equation shows that two 
volumes of hydrogen unite with one of oxygen to 
form water; consequently the volume of oxygen must 
be half that ofhydrogen— 

33 ' =311-08 litres of oxygen. 
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Having determined the actual volume of any one gas 
taking part in any chemical change, the relative 
volumes of any others should be deduced from the 
molecular equation. (The slight discrepancy between 
the two results as shown above is due to decimals not 
being absolutely exact fractions.) 

75. Hydrogen is passed over red-hot copper oxide (CuO) : 

how much metallic copper is produced in forming 9 
grams of water, and what is the volume of hydrogen 
at normal temperature and pressure which has been 
usedf 1 

76. Ten grams of hydrochloric acid (HC1) act on zinc, and 

the same weight acts on calcium carbonate : what 
bulk of gas^measured at the normal temperature and 
pressure, is produced in each case? . . . . n 

The following equations represent the chemical 
changes 1 — 
2HC1 + Zn = ZnCl + H ; . 

73 65 136 2 

2HC1 + CaCO, - CaCl, + H,0 + CO r 

73 100 111 18 44 

As 73 : 10 : : 2 : 0274 gram of hydrogen evolved. 
As 1 : 0274 :: n-a : 3-068 litres of hydrogen evolved. 
An inspection of the equations shows that two molecules 
of hydrochloric acia cause respectively the evolution 
of one molecule of hydrogen (H,), and one molecule 
of carbon dioxide (CO.,) ; the volume of the two gases 
must consequently be the same, and 3-068 litres of 
carbon dioxide are evolved. 

77. Write out the various names by which the following 

compounds are known : Fe,0„ CuO, Cu.,0, BaO, 
FejO„ NaHO, SO„ S0„, H„SO„ H^SO,, NajSO., 
K a SO„ KHS0 4 . 11 

78. What are the characteristic properties of an acid and 

of a base ? Explain the effect of mixing sulphuric 
acid and caustic soda. (S. and A. D. Ex. 1881) . 11 
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79. Express in words the meaning of the following 

equation: OKH + HC1-KCI + OH r (S. and A. 
D. Ex. 1878) M 

80. What do you understand by atomicity, and how is it 

measured ? . . . . . . .12 

81. State why carbon is termed a tetrad element and oxygen 

a diad element. {S. and A- D. Ex. 1880) . .12 

82. Give the atomicity of each element in the following 

compounds : — 

HCl-(OH),-NH i -CO. J -SO,and SH,. (S.and 
A. D. Ex. 1877.) 

(OH),-H,0, . . .' . . . .13 

83. Indicate by graphic notation the atomicity of the fol- 

lowing elements : nitrogen, sulphur, carbon, chlo- 
rine, oxygen, boron, silicon, bromine, phosphorus, 
zinc, and calcium. (S. and A. D. Ex. 1879) . . 1: 

84. Why must NO be written as the formula of nitric 

oxide ? and in what way is it an exception to the 
general rule which governs the active atomicity of 
elements in a compound ? State that rule . . 1: 

85. Define the terms ' monobasic ' and ' dibasic' as applied 

to acids. Knowing the atomicity of the various 
metals, write the formulae of the following salts : 
silver nitrate, gold chloride,, copper nitrate, zinc 
sulphate, lead chloride, silver sulphate . . . 1: 

86. Describe the allotropic forms of carbon. How would 

you prove that these different substances consist of 
the same element ? (S. and A. D. Ex. 1877) . . I 

87. If twelve grams of pure carbon be completely burnt in 

the oxygen which is obtained by decomposing I32'S 
grams of potassic chlorate, what is the weight of the 
product of the combustion formed, and what is the 
weight, if any, of oxygen remaining ? (S. and A. D. 
Ex. 1880.) 
How many litres of carbon dioxide (carbonic anhydride) 
will be formed by the complete combustion of 12 
grams of carbon, and how many litres of oxygen will 
be required? (S. and A. D. Ex. 1879) . . . 1 
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The chemical changes are represented in the following 
equations :— 

KCIO, - KCl + SO. 



From these equations it is seen that I22'5 grams of 
potassium chlorate yield 48 grams of oxygen, and 
that 12 grams of carbon require for combustion 32 
grams of oxygen, and produce 44 grams of carbon 
dioxide. The weight of oxygen remaining is conse- 
quently 48 - 32 - 1 6 grams. 

The density of carbon dioxide is 33 - 22 ; therefore 1 1 2 

litres weigh 22 grams, and 44 grams must measure 
22'4 litres, which is the volume of carbon dioxide 
produced. 
The equation shows that the volume of oxygen required 
is the same as that of carbon dioxide produced; 
therefore there must be required 22-4 litres of 
oxygen. 

88. If air contains 21 per cent, by volume of oxygen, how 
many litres of it at standard temperature and pres- 
sure are required to bum completely 18 grams of 
carbon, and what would be the volume of the pro- 
duet formed? Weight of it's litres of ■ 16 grams 129 

89 Express in words the meaning of the following equa- 
tion : CafHOJj + COj-COCCaOjJ + OH,,. (S. and 
A- D. Ex.1874) • ...... , 4 .130 

90. Quicklime is slaked with water, diffused through more 

water, and filtered. When carbonic anhydride gas 
is passed through the filtered liquid it becomes very 
turbid : what is the composition of the substance 
' which causes the turbidity? Give an equation. (S. 
and A. D. Ex. 1879) « 130 

91. You are required to prove that carbon dioxide (carbonic 

acid gas) is formed when wood is burnt : describe 
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and sketch the apparatus you would use. (S. and 
A.'D. Pract Ex. 1881) 130 

92. Describe the preparation of carbon dioxide, and give a 

sketch of its properties 133 

93. What weight of quicklime (calcium oxide) may be 

- obtained from a ton of limestone ? . , , . 133 

94. Express in words the meaning of the following equa- 

tion :— 

CaCO s + 2HC1 - CaCl, + CO, + OH 2 . (S. and A. D. 
Ex. 1876) 134 

95. How would you demonstrate the fact that carbon di- 

oxide <C0 2 ) is heavier than air? (S. and A. D. 
Pract Ex. 1880) . .... . .135 

96. You boil common well water for a few minutes, and ob- 

serve the separation of a white precipitate. How do 
you explain the formation of the precipitate? How 
would you test your explanation by experiment? . 137 

97. What is meant by the term ' hardness ' as applied to 

water? How would you ascertain whether a par- 
ticular sample of water is hard or not ? . , . 138 

98. The hard water of our chalk districts is rendered soft 

by the addition of lime-water. Explain fully why 
lime-water is able to produce this result . , .139 

99. Air passes through a bright coke fire ; describe the 

chemical changes which will occur, and the proper- 
ties of any compounds that may be formed. (S. and 
A. D. Ex. 1881) 142 

100. You are required to prepare carbon monoxide and 

carbon dioxide from charcoal and air ; sketch the 
apparatus you would use, and explain how it. would 
differ in the two cases. By what tests would you 
distinguish these two gases ? (S. and A. D. Pract. 
Ex. 1881) 143 

101. Represent by equation, and otherwise describe, what 

happens when oxalic acid is heated with strong sul- 
phuric acid. (S. and A. D. Ex. 1879) . . .143 

102. Oxalic acid is heated with sulphuric acid ;'how would 

you experimentally prove that the gases evolved are 
v 2 
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carbonic anhydride (CO v ) and carbonic oxide (CO) ? 
(S. and A. D. Pract. Ex. 1880) . . . ,■ ,143 

103. You are required to prepare carbonic oxide ; give a 

description of one process, a sketch of the apparatus, 
and an equation showing the nature of the chemical 
change. (S. and A. D. Ex. 1874) .... 143 

104. Lime-water is shaken up in a jar filled with carbonic 

oxide ; what occurs? The carbonic oxide is then 
inflamed, and the lime-water once more shaken up 
with the contents of the jar : what now takes place ? 
(S. and A. D. Ex. 1875) 145 

105. What are the principal properties of carbon mon- 

oxide? . 145 

106. Ten grams of oxalic acid are heated with sulphuric 

acid; what weight of carbon monoxide is evolved? 
If the resultant mixed gases be passed through a 
tube containing red-hot charcoal, so as to effect the 
complete conversion of the carbon dioxide into car- 
bon monoxide, what weight of carbon monoxide will 
be produced ? 145 

107. How many volumes of carbon dioxide (carbonic acid 

gas) will be formed when a mixture of four volumes 
of carbon monoxide (carbonic oxide gas) and four 
volumes of oxygen is burnt ? State what volume of 
oxygen, if any, remains uncombined. (S. and A. D. 
Ex. 188 1.) 
One volume of carbon monoxide (carbonic oxide) gas 
is mixed with two volumes of oxygen and an electric 
spark passed through the mixture : what volume of 
carbon dioxide gas (carbonic anhydride) is formed, 
and what volume of oxygen left ? (S. and A. D. Ex. 
IS77) 145 

toE. How is marsh gas prepared, and what are its general 

properties? 148 

109. How is olefiant gas prepared ? Mention the distin- 
guishing characteristics of this compound. By what 
means could you convince yourself that this gas 
contains twice as much carbon as an equal bulk of 
marsh gas does? 153 
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no. How much pure air ought to be mixed with 100 
measures of lire-damp (marsh gas) in a coal mine, in 
order to supply material for the complete combustion 
of marsh gas during explosion? ' . . . . 155 
The combustion of marsh gas is represented by the 
following equation : — 

CH, + 20,-CO a + 2H a O. 

One volume of marsh gas requires two volumes of 
oxygen, therefore 100 measures will require 100 
measures of pure oxygen. 

Air contains 2 1 per cent, by volume of oxygen, there- 

As zi : zoo:: 100 : 952 volumes of pure air. 
in. How much oxygen do you require for the complete 
combustion of 10 cubic centimetres of marsh gas ? 
How many cubic centimetres of each product of 
combustion would be formed P 155 

1 12. A gaseous mixture consisting of 100 volumes of carbon 

monoxide and 150 volumes of oxygen is confined 
over mercury ; an electric spark is passed through 
the mixture, and a ball of caustic potash is then 
brought into the gas. Describe the chemical changes 
which occur, and state what volume (if any) of gas 
remains at the end of the operation. (Caustic 
potash possesses the property of absorbing carbon 
dioxide gas) 155 

113. To burn 16 grams of acetylene, how many cubic centi- 

metres of oxygen will be required, and what will be 
the volume of the products of combustion? . . 155 
[14. State what volume of oxygen will be required for the 
combustion of 250 cubic centimetres of each of the 
following gases ; state also the volume of the pro- 
ducts of combustion in each case; hydrogen, carbon 
monoxide, marsh gas, acetylene, ethylene, ammonia, 
and sulphuretted hydrogen . - ■ . 155 

115. Define 'combustion,' and state clearly what you 

understand by that term 156 

116. Define the terms 'combustible' and 'supporter of 
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combustion ; ' describe an experiment to show that 
they are purely relative 156 

117. A certain metallurgical operation absorbs one million 

units of heat : how many grams of each of the 
following substances respectively would require to 
be burned in oxygen to furnish the necessary 
quantity of heat ? hydrogen, carbon, carbon mon- 
oxide, defiant gas, and alcohol 158 

118. Why does olefiant gas bum with a brighter flame than 

hydrogen? 160 

119. Describe the structure of the flame of a common 

candle, and explain why carbon is set free by the 
combustion in the interior, but not on the surface of 

the flame 161 

130. Explain fully why the flame of a common gas-light is 
brighter than the flame from a Bunsen burner. 
What special advantages does the latter possess ? . 162 

121. If you place the chimney glass over the flame of a 

reading-lamp the flame increases in brightness : why 
does it do so ? If you blow a current of air into the 
flame of an ordinary candle, the flame appears less 
bright than it did before the introduction of the air. 
Explain why this is the case 163 

122. Describe two methods for the preparation of nitrogen, 

expressing the reactions by equations, and giving 
drawings of the apparatus. (S. and A. D. Ex. 1877) 165 

123. Write an account of the principal properties erf 

nitrogen. What effect is produced by passing a 
series of electric sparks through a mixture of nitro- 
gen and oxygen ? 169 

124. What is the composition of the atmosphere, and how 

may it be determined (1) by volume, (2) by weight ? 170 

125. Is air a mixture or a compound ? Give reasons for 

your answer 172 

126. Describe three experiments, the best you can think 

of; one is to prove that the air contains oxygen, 
another that it contains carbon dioxide, and the third 
that it contains aqueous vapour. (S. and A. D. Ex. 
'881) 173 
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127. How would you prepare ammonia gas, and fill a jar 

with it? Give a sketch of the apparatus. (S. and 
A. D. Ex. 1875.) 
How would you prepare ammonia? Sketch the appa- 
ratus you would use. In what respects does water 
saturated with ammonia differ from pure water? (S. 
and A. D. Ex. 1881) . 177 

128. Draw the apparatus, and describe how you would pre- 

pare ammonia (NHj) from ordinary solution of 
ammonia. (S. and A. D. Pract. Ex. 1880) , . 179 

129. What takes place when a lighted taper is immersed 

in gaseous ammonia? (S. and A. D. Ex. 1874) . 180 

130. Ammonia gas is led into solution of hydrochloric acid : 

what is' produced ? Give an equation. The result- 
ing liquid is evaporated to dryness in a porcelain 
crucible, which is afterwards heated to redness : 
what will remain in the crucible? (S. and A. D. 
Ex. 1879) . .181 

131. What is the percentage composition of ammonic 

chloride? <S. and A. D. Ex. 1876) . , , .181 

132. Define a compound radical and give an example. (S. 

and A. D. Ex. 1875) 18] 

133. How would you ascertain that ammonia is a compound 

containing nilrogen and hydrogen ? (S. and A. D, 
Ex. 1877) 183 

134. Give an account of the occurrence and preparation 

of nitric acid 185 

135. Explain in words all that is expressed by the following 

equation : 

2KN6 s + H s SO 4 = 2K s S0 4 + 2HN0i. (S. and A. 
D. Ex. 1881) 186 

136. How many pounds of nitric acid can be obtained from 

150 pounds of nitre (potassium nitrate), and how 
many grains of sulphuric acid will be needed ? (S. 
and A. D. Ex. 1879) 186 

137. I put some gold-leaf into a jar of nitric acid and into 

one of liquid hydrochloric acid : what takes place ? 
I mix the contents of the two jars : what then 
occurs? (S. and A. D. Ex. 1876) . . . .188 
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138. What changes take place when zinc dissolves in dilute 

nitric acid F (S. and A. D. Ex. 1876) . . . . 190 

139. Carbonate of ammonia and nitric acid are given to 

you : how would you prepare nitrous oxide from 
these ? Draw a sketch of the apparatus you would 
use, and give an equation showing the decomposi- 
tion which takes place in making the gas. (S. and 
A. D. Ex. 1879) 191 

140. What are the principal properties of nitrogen mon- 

oxide? Feebly burning sulphur is extinguished 
when plunged into this gas, while, if brightly burn- 
ing, it continues to do so with increased brilliancy \ 
state clearly the reason for this . , . .191 

141. Ten grams of nitric acid are neutralised by ammonia : 

what weight of nitrogen monoxide may be obtained 
from the ammonium nitrate thus produced? . . 191 
[42. A solution of nitric acid of specific gravity I '46 
contains 80 per cent, of HN0 3 : what weight of 
this solution is theoretically required to dissolve 10 
grams of copper oxide? 191 

143. How would you prepare nitric oxide ? Give the equa- 

tion, and draw a sketch' of the apparatus . . . 193 

144. By what properties would you recognise nitric oxide ? 

Compare its power of supporting combustion with 
that of nitrogen monoxide 194 

145. I want 6 grains of nitric oxide : how much copper and 

nitric acid shall I require for its production ? . .193 

146. What are the natural sources of sulphur, and how is 

it usually prepared on the. large scale ? 200 

147. Describe the different varieties of sulphur, and how 

they may be prepared ' 201 

148. Describe the changes produced in brimstone by the 

continued application of heat (S. and A. D. Ex. 
1874) 203 

149. What weight of sulphur would you expect to obtain 

from ten tons of sulphur ore (ferric sulphide) ? Allow 
what you consider a fair percentage for loss . . 200 

150. If I bum a piece of sulphur in a bottle filled with air, 

I :;!, :■ .,GOO<;lC 



Questions and Exercises. 



and another piece in a bottle filled with oxygen, 
what shall 1 find in each of the bottles after the 
combustion is finished ? Give equations. (S. and 
A. D. Ex. 1878) . . ' 203 

151. Explain fully what is meant by the following equation : 

H 2 S0 4 + FeS - HjS + FeS0 4 . (S. and A. D. Ex. 
1880) 206 

152. How would you prove that the gas obtained by pouring 

sulphuric acid upon ferrous sulphide contains both 
sulphur and hydrogen ? (S. and A. D. Ex. 1878.) 
Describe what you consider the best experimental 
proof that sulphur is a constituent of sulphuretted 
hydrogen. (S. and A. D. Ex. 1880) . . .206 

153. Sulphuretted hydrogen is passed into solutions of 

the following substances in different test-tubes ; 
arsenious anhydride, lead acetate, zinc sulphate, 
antimony chloride, and ferrous sulphate : what is 
the result in each instance? 210 

154. Give two methods for preparing the lower oxide of 

sulphur, and state its properties and its formula. 
Also explain how it can be converted into the higher 
oxide. (S. and A. D. Ex. 1880) . . . .213 

155. Express in words the meaning of the following equa- 

tion: SOj + OHj-SOfOHV (S. and A. D. Ex. 
1875) "7 

156. What are the principal uses of sulphur dioxide ? . 217 

157. How would you prepare sulphur trioxide, and what 

are its properties ? Give a sketch of the apparatus 220 

158. What is the weight of a litre (at o" C. and 760 mm. 

barometric pressure) of the vapour of a compound 
the normal molecule of which contains S0 3 ? (S. 
and A. D. Ex. 1875) 220 

159. To one test-tube containing water SO a has been 

added, to another SO, has been added : how would 
you determine which was which ? Give the names 
and formula; of the two bodies thus formed. (S. 
A. D. Ex. 1881) 223 

160. Show, with a sketch, how you would prepare sulphuric 
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acid experimentally. Describe, with equations, the 
theory of its production , 224 

161. Describe, with a sketch, the commercial manufacture 

of sulphuric acid , , 227 

162. How much sulphuric acid may be made from one ton 

ofFeS,? (S. and A. D. Ex. 1874) . . , .225 

163. What are the principal properties and uses of sulphuric 

acid? 229 

164. How may bromine be prepared, and what are its pro- 

perties? 232 

165. Two bottles are given you; one contains vapour of 

bromine, and the other vapour of nitric peroxide 
(NO,) : how would you ascertain which of the two 
contains bromine ? 235 

166. Explain what occurs when a current of chlorine is 

passed through a solution of potassium iodide. How 
would you prove a brown liquid to be an aqueous 
solution of iodine ? 236 

167. Two aqueous solutions are given you ; one contains 

free bromine only, the other free iodine only. 
Describe how you would prove the presence of the 
bromine in the one solution, and of the iodine in the 

other 236 

16S. You are requested to ascertain whether a given black 
powder is composed of iodine or graphite. How 
would you do so ? 236 

169. Describe exactly how you would use a solution of 

iodine for the detection of starch. If the solution of 
iodine be first rendered alkaline by the addition of 
caustic potash, will it still answer the purpose? if 
not, why not? 236 

170. How Is hydrofluoric acid prepared, and what is its 

action on glass ? 237 

171. What is meant by the term'halogens'? what elements 

are classified as such, and what are their properties 
as a class ? Compare them also with each other . 238 

172. Trace the phosphorus of commerce back to its original 

and ultimate source 240 

173. How is ordinary phosphorus manufactured ? . ■ 240 
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How can amorphous phosphorus be made from 
ordinary phosphorus? What are the properties of 
each modification ? Bywhat experiments could you 
prove that the two varieties are modifications of the 
same element ? 241 

174. Explain the chemical action which takes place when 

phosphorus and caustic potash solution are boiled 
together. What are the properties of the gas 
evolved? How do you account for ordinary phos- 
phoretted hydrogen losing its property of spontane- 
ous inflammability when kept for some time at a low 
temperature? 243 

175. What substance is formed when a piece of dry phos- 

phorus is burned in excess of dry air? Give the 
formula of the phosphoric compound produced, 
and explain how it is acted upon by water . . 244 

176. Write the formula of phosphoric acid and its various 

salts 245 

177. Describe how you would render silica soluble in 

aqueous hydrochloric acid, and how the soluble 
modification of this substance can be converted into 
the insoluble form 246 

178. Flint is said to be a compound of silica ; the aqueous. 

solution of this substance, although it has no sour 
taste, is said to contain silicic acid : why is it so 
called? 246 



MISCELLANEOUS. 

179. Into separate test-glasses containing dilute hydrochloric 

acid I put the following substances : zinc, chalk, marble, 
common salt, charcoal, iron, and gold. Mention the 
chemical changes which take place, and give equations. 
(S. and A. D. Ex. 1878.) 

Common salt and charcoal are unacted on. 

180. What chemical effect is produced when a strong solution 

of hydrochloric acid in water is added to each of the 
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following substances : zinc, iron, chalk, silver, sodic car- 
bonate, gold ? (S. and A. D. Ex. 1875.) 

Silver is practically unacted on by strong hydrochloric 

acid in the cold. 

181 What is the difference between a mixture of two elements 

and a compound of two elements ? Why is atmospheric 

air declared to be a mixture, and not a compound ? (S. 

and A. D. Ex. 1874.) 

182. I add sulphuric acid to a white salt, and effervescence 

occurs. What may this be caused by, and what tests 
must I apply to ascertain the nature of the gas which is 
evolved? (S. and A. D. Ex. 1878.) 

183. What happens when sulphuric acid is poured upon (i) rock 

salt, (2) chalk, {3) saltpetre ? Give equations. (S. and 
A. D. Ex. 1877.) 

184. How many grains of oxygen are contained in I lb. of each 

of the following compounds : water, potassic chlorate, 
carbonic oxide, and amnionic nitrate ? (S. and A. D. Ex. 
.877.) 

185. Write down in equations the changes which occur— 

(1) When a mixture of iron filings and sulphur is heated. 

(2) When iron wire is burnt in oxygen. 

(3) When sulphur is burnt in the air. (S. and A. D. Ex. 

1881.) 

186. Draw the graphic formuke of water, hydrochloric acid, 

hydroxy!, nitric acid, and sulphuric acid. (S. and A. D. 
Ex. 1 877-) 

Draw the graphic formulae of the following compounds, 
and mention the atomicity of each element contained 
them : potassic chlorate, metaboric acid, carbonic anhy- 
dride, nitrous acid, and sulphuric anhydride. (S. and 
A. D. Ex. 1876.) 

Draw the graphic formulas of the following compounds, 
and mention the atomicity of each element present 
therein : hypochlorous acid, ammonia, sulphuric acid, 
boric anhydride, nitric acid, carbonic oxide. (S. and A. 
D. Ex. 1874.) 

Draw the graphic formula; of the following compounds : 
ammonia, water, sulphuretted hydrogen. Give the 
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active atomicity of each element in the following com- 
pounds : CH„ SO a HO„ PF S , CrF„, and SO,. (S. and 
A. D. Ex. 1878.) 
Translate the following symbolic formula? into graphic 
formulas : HI, NH„ SO.,HO„, Ca(OH) n NH 4 C1, 
(SO^FejO,)". <S. and A. D. Ex. 1875.) 

Hydroxyl, H-O-O-H. 

Metaboric acid, O— B-O-H. 

Potassic chlorate, Cl-O-O-O-K. 

Nitrous acid, O— N-O-H. 

Hypochlorous acid, Cl-O-H. 

Hydriodic acid, HI. H-I. 

Calcium hydrate, Ca(OH)„. H-O-Ca-O-H. 

Ammonium chloride, NH.C1. H H 

V 



Ferric sulphate, (SOJ^FejO,)". 




187. Divide the following substances into elements and com- 

pounds : diamond, graphite, charcoal, glass, lime, ozone, 
iron, gold, water, ammonia, and flint. (S. and A. D. Ex. 
1876.) 

188. Classify the following substances into elements and com- 

pounds : steam, ice. sulphur, hydroxy), ammonia, common 
salt, marble, and carbonic anhydride. (S. and A. D. Ex. 
1878.) 

189. How many milligrams of hydrogen will be formed (i) when 

230 milligrams of sodium are thrown on water, (2) when 
649 milligrams of zinc are dissolved in sulphuric acid? 
(S. and A. D. Ex. 1881.) 

190. 1 put slips of litmus and turmeric paper into (1) dilute 

nitric acid, (2) solution of potash, (3) solution of ammonia, 
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(4) solution of carbonic anhydride, and (5) solution of 
potassic chloride. Describe what occurs in each case. 
(S. and A. D. Ex. 1875-) 

191. Describe accurately and fully the changes, if any, which 

occur when the following bodies are heated in a test-tube 
over a gas flame : (a) ammonium chloride (sal ammoniac), 
{b) sulphur, (c) graphite, (d) ammonia solution. (S. and 
A. D. Ex. 1880.) 

192. State which of the following substances are solid, liquid, 

or gaseous at the freezing-point of water : sulphurous 
anhydride, ammonia, sulphuric anhydride, chlorine, 
nitric oxide, nitric acid, sulphuretted hydrogen, and 
hydroxyl. (S. and A. D. Ex. 1876.) 

193. In what way would you remove a small amount of moisture 

from the following gases : air, ammonia, and carbon 
dioxide? (S. and A. D. Pract. Ex. 1881.) 

194. What is the action of water upon each of the following 

substances : hydrogen, carbonic anhydride, ammonia, 
sodic carbonate, chalk, and sodium ? (S. and A. D. Ex. 
1874.) 

195. How would you prepare the following gases : CO a , NHj, 

HC1, in a dry and pure state? Give the equations. 
Also how would you fill a small bottle with each ? (S. 
and A. D. Ex. 1880.) 

196. Name the chief properties of nitric acid. Point out in what 

respects nitric and sulphuric acids have similar pro- 
perties, and, on the other hand, what differences there 
are which enable you readily to distinguish the one acid 
from the other. (S. and A. D. Ex. 1880.) 

197. Give the formula: for three carbonates, three sulphates, 

three sulphites, and three nitrates. 
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HISTORY, POLITICS, HISTORICAL MEMOIRS, Ac. 

Abbey's The ttnglisa Church and Its Bishops, 17W-1S0O. I Tola. 8ro. 34j. 

Abbe; ud Overton's Kogllsl! Church in the Eishteenth Century, Cr.BR>. Ij. ltd. 

Arnold's Iflototije on Modem History. Bto. Ti. Sd. 

Bagwell's Ireland under the Tuflore. Vols, 1 and 1. 3 rata. are. 39j. 

BaU'a The Reformed Churoh of Ireland, 1637-18W. 8to. 7j. 6d. 

BoultWs dilatory of tin Church of England, Pre-Reformation Period. Bto. Id. 

Bookie's Hlawry of Civilisation, t Tola, grown Sto. 14i. 

Coi's (Sir O. W.) General History ot Greece. Crown Byo. Maps, 7). Sd. 

Ondghton't History of the Papacy during the Beformntion. Sto. Tola. 1 and 9, 

3 Tola, crown Bro. Isj. 



Da TtHOjBarUk'i Democracy in America. 

D'Heriason's The Black Cabinet. Crown STO. Ia> Sd. 

Doyle's English In America: Virginia. Maryland, and the Carolina?, gvo, 1 

— — — The Puritan Colonies, t Tola. Byo. 30r. 

Epochs of Ancient History. Edited by the Kev. Sir Q. W. Co*, Bart, s 



Beesly's Gracchi, Marina, 

Caoea's Age of the Auto 

— Barly li< 



idC. 

■e by ths 



Jieninn Empire. 

e Macedonian 



Cnrtoia's Rise of 
Empire. run] 

pooha of Modem History. Edited by C. Colheck, : 
price 3..M. each. 
Ohnmh's Beginning of the Middle 



s of Lancaster 



Sauls. 
Merrvale'e Roman 1 
Sankey'a Spartan ai 

Smith's Rome and Carthage, the 
Punk Wars. 

Maps. Pep. Sto. 

Longman'! Frederick the Groat and 

Ludlow's War of American Inde- 
pendence 
M*Carthy'a Epoch of Beform, If 



17H8-179G. 



John. 



lain Europe. 
Epochs of Ohnroh History. Edited 
Poo. bto. pri 
Brodrlck's A History of the TJni- 

Teraity of Oiford. 
Can's The Church and tbe Roman 

Empire. 
Overton's Tbe Evangelical ReviTal 
In the Eighteenth Century. 

•a* Otktt Yalwnes in preparation. 



nWu'l The Early Plontageneta. 
arburton's Edward III. 
by the Rev. Mandell Creighton, M.A. 

Perry's The Reformation in 



__,_ of theBarly 

Patters. 
Tucker's The English Church fi 
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Iihdu'i HWortoU Geogrtpliy of Bnrope. 1 vols. Sto. lit. M. 
FrowW. IfcisliriiuIrelendmthelStoCentnry. « wis. crown Svo. I8t 

— HICory of Bnelud. Popolar Edition, lfvole.nrown Svn. Si. IW. cs 
Q«rdlner*B Hlitory of Bnglud from the Accession of Judm I. to the OntbTi 
of the Civil fu. lOvols-crownSYo. B0>. 
— BittorTuItne&rMtClTllW.r,lW2-ie4a<3vola.) Yol. I, KH3--1B 

ChnmA Jinrnil of toe Reign of Qneen Vtetcrli, 18I7-1SM. I vole. Sto. I 

I85J-1B00, ) rob. Sto, Hi, 
Historic Town*. Edited by B. A. Freeman, B.C.L. udtheBer. William Hn 
MX With Mape mid Pliuu. Crown Sto. It en. noh. 
Tundm. T) v w H. IaTMil I Bristol. By the Rev. W. Hunt. 

I Oxford, flj the Bar. G. W. Bonn 
• OOut coteniti In preparation. 



rope. 1 vole, crown Sto. Kb. 
Langrnnn'e life ud Timet of Edwnrd m. 1 Tola. Sto. 18t 
Kua>iU*T'' Oomp-'et* Work*. Libmry Bdition. 8 Tola. 8to. £(. lit 

— — — Cbtuet Boition. 10 toIk. crown Sto. *54. IB, 

— History of Unglud :— 

Btadent'iBditlon.lTolfl.cr.STo.H*. I Ctolnst Edition. 8 vote, pest Sto 
People'! Bdltion. 4vols.dr.8vo.16t | Library Bdltion. G volt Ato. £4. 

Kaculky't OrttloBl end Historic*! B-u>ys, with L*ji of Ancient Borne In 

Anthorlsed Mltion. Or. Sto. It. Id. I PopcuK BdltJon. Cr.lvo.5tM 
or K. «<f. gilt edge*. | 

MuHtq'i Orlttoil Had Historic*! Beenjs :— 

Btndnit'i Edition. 1 TdLcr. BTO-dt I Cabinet Edition. 4 vols. p™t f to 
People's Biltlon. 1 nit. or. BrcSt. | Librsxy Edition. 1 vols. ero. («t. 

ItnranUy'i Bpeecbei corrected by Himself. Grown Sro, St. 64. 

MidTnoebnrj'e (B*rl of) Hemoin of u Bi-Wnleter. Crown Sro. It M. 

Mb*") Omrtieationll History of Hngiand, 17W-1ST0. tToto.orownRTo.lSi 



■tMrahllMlof it* Bonun BetmbBn. lxmo.Ti.Sd. 

— General History of Borne, B.C. TW-i.ii. 476. Crown Bra. It Si. 

— History of tb* Bonuna tinder tbe Empire, 8 toIs. pan Sn, 4Bi, 
IreaA {Lard] Letter! ud DeeneMhes. Edited by J. K. Lenghton. Btd. ie.. 
Petal' The Fall of Constantinople. Sro. 1st 

Seintebury'i Huoheater : a Short History. Crown sto, St. Bd. 

Ewbohm'! Oxford Hefomtsire— Colet, Erasmus, & More. Bio. ltt 

Short's History of tbe Chmroh of England. Orown Sto. 7m. M. 

Smith's Carthage ud the CtnBrSdMMrl Orown Sto. lOt 04. 

Taylor/i Muraal ol the History of India. OrownSro. 7t fli 

Todd's T^HamsntaryGoTcrnment In England (tTole.) Vol. 1, Sto. Sit 

YitMhnm's BL Petenbnrn ud London, IWS-lSe*. J toIs. Sto. lot 

WslpoleVi History of England, from 1811!, StoIlSto. Vols. 143, 181MS8I, INSt. 

Vol. t, 1SM-1WI, lit. Volt. 4 A I, 1841-18*8, 3a,.- 
WyHt*s History of Hnglanil nnder Henry IV. Vol. 1, erowii 8m, lot M. 
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Armstrong's (E. J.| Lift and Lett™. Edited by 9. 7. Armstrong. Pep. Bvo. 7r.Sii. 
~ m'a Life ud Letters, bj SpefUlsg. 7 toIb. 8vo. jM. *j. 
Bagenot'a Biographical Studies. 1 voL Bra. 111. 
Csrlyle's Me, by J. A. Fronde. Vols. 1 & 3, 17W-183S, 8m IS.. Vala. Ut, 
16M-1881, Hto. 3*1. 
(Mrs.) Letters and Memorials, n toIb. Bto. 8ei, 
Doyle (Sir P. H.) Reminiscences and Opinions. 8to. lb. 
Bnglieb Worthies. Edited by Andrew long. Orown 8to. it. M. each. 



bePirst B 



I George Ci 
Aamirai make, rsy uana nannay. | Clavarhac 
Marlborough. By Geo. Balntabnry, | 
•»• OBur Foten. 

ox (Charles. J[im«) The Early Hlatory of. By Btr O. 0. TroralTan, But. 
Orown Sro. At, 
Pronae'i Ciesnr : a Sketch. Crown 8m, Si, 

DJlton , «{SirW.a.)Lif6,byQ«.Tta Vola. 
Hsvelock 's life, by Manhman. Orown Bto. It. 
Hobart Puhi'i Sketches from my life. Otowi 
Macsutay's (lard) Life ul Letters. By Ms Nephew, B 



ly Mowbray Morris. 



&.O. 



«n Svd. or. Cabinet Bdition, 1 
. Library Edition. S vote. 8vo. Ma, 
Mendelssohn's Letters. TituusJatod by Lady Wnllaoe. 1 tola. or. 8ro. Si. 
Mill (James) Blograpby of, by Prof. Bain, Grown Sto. it. 

— (John Btuart) Becollectione of, by ProL Bain. Crown Sto. li. Id. 
— — Autobiography, gro, /,. Sd. 

Vnllera (Max) Biographical Banya, Crown Bto. It. 04 

an'fl Apologia pro TlUt Bus. Orown Bto. St 
Paeteor (Lords) His Life and Labours. Orown Sro. Ti. «d. 
tnjatoipeeirtLrfe(OnUlDeBof>,by HaBlwsll-Phlllippa. 2.ols.royaleTo.lO).S4 
Boothay'B Oorrospondonoo with Carolina Bowles. 8to. lit 
Stephen*! Bajaya in Booreslaatioal Biography. Grown 8to. It. 
Wellington's lata, by Qldg. Orown Bto. Br, 

MENTAL AND POLITICAL PHILOSOPHY, FINANCE, JLo. 

f ■ View of the Science of Jurisprudence. Bto. 1B#. 

Primer of the Anglian Constitution. Grown 8vo. Bj. 
b's Essays, with Annotations by WiiateJy. 8vo. IDi. td. 
Works, edited by SpeddlUfl. I Tola. Sro. 7(fc •* 
BAgchot'a Beonomio Studies, edited by Hrttton. Sro. 10s. Sd. 

The Poutolatea of English Political Economy. Crown Sro. la, 84 
Bala's Logic, Deductive and Inductive. Grown. Bto. Ida. Ad. 
Pakt L Deduction, 4J. | PabtII " 

— Mental and Moral Science. Orown Bto. 10a. I 

— The Senses and the Intellect. Sro. loj. 

— The Emotions and the Will. Sro. 1(1. 

— Practical Baaaya. Orown Sro. it, Od. 
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Buoklt'i (H. T.) : 
Cramp"! A Short 

rfo.fi. «4 
Downll'a A Htatory of Taxation and Taiea in England. I 
Green'. (TLonuu 11111) Works. (3 tola.) Vola, 1 * 3, Fhlloiophloa] Work*. Bro. 
Hums'. Etettys, aBtsd by Green * QroM. * Tola. Bto, 
— Treattae of Human Nature, edited by flreen* 
Lada's Elements of Physiological Psychology. 8vo. a' 
Lang's Custom snil Myth : Studies of Barly TJa^rc and Belief. Crown Bto. Ti. M. 
Lealta'i Essays In FoUUoal and Monti Philosophy. Bto. Uti. id. 
Lewert History of Philosophy. I toD. 8to. Hit. 
LnMneti Origin At Civilisation, Bto. IBt. 

' Economical Philosophy. In 1 Tola, Yd. 1, gre. 1st. 

- -. (StoU.) Vol. I, or. Bro. It. M. VoL S, 

Part I. or. Sro. It, (A 

— The Kamanta of Banking. Crown Bto. ftJ. 

— Ilia Theory and Practice of Banking. YoL J, Bro. lit. YoL S, Hi. 

— Boouomioa for Begfnoere. Sto. St. M, 

— Lectures on Credit and Banking. Bro. Sj. 
ffl'KJ-ttMMjAnUyttooIthBPHotiomeiiaortlienomuiMfna. 1 TOla.8vo.38*. 
IM (Joan Stuart) on R uun a ml atilTe OoTsnunant. Crown Sto. b. 

— on Liberty. Crown 8ro. It. M. 

— Login, Crown Sto. U. 

— Prttclples of Political Boonomy. 1 Tola. Bto. 10*. People's 

Edition, 1 toI. orown Sto. U. 

— Hnnjaction of Women. Orown Bto. St. 



Mnlhnn'i History of Prices since IBM. Orown Sro. tt. 

11 tiller's The Science of Thought. Sto. Hi. 

Sandra's Inrtitates erf Jnettniin, with English Notes. Sro. IS.. 

Beabohm'l BngUab VlUaga Community. Sro. lot. 

BuHy"! DutUnas of Psychology. Sro. 12t. nd. 

— TeaekafB Handbook of Psychology. Crown Bro. tt. SJ. 
BwihonTDe's Picture Logic. Post Sro. it. 

Thompson's A Britain of Psychology. S Tola. Svo. BSl 

— The Problem of Evil. Sto, lot. ti. 
Thomson's Outline of KsoassaTT Laws of Thought. Crown Bro. tt. 
Twiafi Law of NaUors In Time of War. Sto. lit. 

— — in Turn, of Peace. Svo-lSt. 
Webb". The Veil of lata. Sro. 10* Si. 
Whatoly'i Bkmenta of Logio. Orown Bro. At. Sol. 

— — _ Hhetorlo. Orown Sro. tt. trf. 

Wylie'i Labour, Leisure, and Lniury, Orown Sro. tt. 
ZoUer'sHtatoiyoilta^itcdsm in Sreek Philosophy. Crown Sto. ISj. Sd. 

— Plato and the Older Academy, down Sto. IBj. 

— Pre-Socratio Schools. 3 Tola, crown Sto. 30t. 

— Socrates and the Booratio Schools. Orown Sto. IOi. ft*. 

— Stoics, BpioureonJ, and Soeptius. Crown 8ro. 1 St. 

— Outlines of Che Btatoiy of Qreok PhBoaopby. Orown Sto. Ioj. Sat 
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MISCELLANEOUS WORKS. 
A, K. H, B, The Essays and Uontribntiona of. Crown Bio. 

Autumn Holidays of a Country Parson, b. &d. 

Changed Aspects of Unchanged Truths. St. W, 

Common-Place Philosopher, ill Town and Country. b. 111. 

CritlOsd Essays of a Country Parson. 8j. 6d. 

Counsel and Comfort spoken from a City Pulpit, ftt. flat 

Graver Thoughts of a Country Parson. Ihns Series. It. W. saoh. 

Landscapes, Chinches, and Moralities. Si. Id. 

Leisure Hours In Town. Si. id. Lessons of Middle Age. 3a si. 

Our Homely Comedy ; and Tragedy. b. Gd. 

Our Little Life. Bsmys Conuolalory and Domestic I'wo Series. b.M. 

Present-day Thoughts. Is. B& [each, 

Beorestions of a Country Parson. Three Series, li. td. each. 

Seaside Musings on Sundays and Week-Dsyi . ti. id. 

Sunday Afternoons In the Parish Church of a University City. la Id. 

___ (Ed. J.) Essays and Sketches. Fcp.8T0.sJ. 
arnsiai (Dr. Thomas) Miscellaneous Works. 8to. 7«. M. 
Baseline's Literary Studies, ediisd by Hutton. 1 iota. *TO. Ms. 
BeaoonaOeld (Lord), The Wit and Wisdom of. Grown Byo. 1j. boards ; ii.tjj.cl. 
Evans's Bronze Implements of Groat Britain. Bra. Ms. 
Parrar'n Language and Languages. Crown Sro. Si. 
Proude's Short Studies on Great Subjects. 1 vols, crown 8to. Bb. 

— Books and Bookmen. Crown Sro. bj. id. 
Maoatllay's Miscellaneous Writings. 9 Tola. Bvo, 31). 1 vol. crown Bto. 4j. M. 

— IflsoellaneouB Writings and Bpeoches. Crown Bto. Bi. 

— Mine* Hansons Writings, Speeches Lay) of Ancient Bents, *n. 



— Writings, Selections from. ' 


Crown Bvo. b.' 


miller's (Mai) Lectures oa the Science of Language. » vols, orown Sro. Ms. 


— — Lectures on India. Bto. lb. Sd. 


Proctor's Ohanoe and Lnck. Crown Bto. b. 


Bmlth (Bydney)The Wit and Wisdom of . Crown Bto. Is. bonds ; UU. oloth. 


ASTRONOMY. 


Henchel'fl Outlines of Astronomy. Square crown Bto. lis. 


Proctor's Larger Star Atlas. Folio. lb. or Uape only, lis. U, 


— New Star Atlas. Crown Bto, b. 


— Light Science for Leisure Hours. 3 Series. Crown Bto. b. each. 


— The Moon. Crown Bto. b. 


— Other Worlds than Ours. Orown Sro. as. 


— The Sun. Crown Bto. 14s. 


— Studies of Venus-Transits. Bto. Si. 






Webb's Celestial Objects for Common Telescones. Crown Sro. tt. 


THE 'KNOWLEDGE' LIBRARY. 


Edited by Bjobahd A. PnOCTOR. 


How to Play Whlat. Crown Bto. b. 


Pleasant Waysin Bolenne. Or. Bto. b. 


Horns Whist. lSmo. la 


Stair Primer. Crown 4*0. Is. M. 


The Borderland of Science. Or. Bto. ti 


The Seasons Pictured. Demy (to. b. 


Mature Studies. Crown Bto. «>. 


Strength and Happiness. Cr. Bvo. b. 


Leisure Readings, Crown Bto, b. 


Bough Ways made Smooth. Or.Syo.b. 
The Expanse of Hearen. Or. 8ra. b. 


The Btars in their Seasons. Imp. Bto. b 


Myths and Marrels of Astronomy 


Our Pisco among IrflnitiM. Or.Rro b. 
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ArlitophanM' The Aohamlana, translated bj K. Y. Tyrrell. Grown 8™. it td. 
ArUlotlB'iTlieBlM<»,T.itmdNot™,l;yBliAlei.Qrsiit,BMt. lvDls.8vo.S3i. 

— The Hloomaobaan Stoics, tnwlMod by Williams, crown 8vo. 7t. si 

— Tlla PoHtloa, Booka I. m. IV. fVII.) witti Translation, Ao. by 

Bolland ud Lang. Grown Bro. 7*. 6d. 
Backer's CTortcfci end OaJiiu, hj Meteaifs. Pott 8ro. Ti. M. each. 
Cbioro'ii Ooi™pondenoe, Textand Notes, by & Y. Tyrcelt. Yolo. 1 & S, fivo. 



Vol. 3, lbs Prose Writers, Tj. 
Plato 1 ! Psnnonldea, wltb Kotea, &c. by J, If egnire. Svo, Tj. W. 
Virgil's Works, Latin Text, wiUlOmnmsntary, by Kennedy. Grown Svo. lOi. all, 
— fflueM, translated Into Knglisb Verse, by Conlngtan, Grown 8vo. as. 



— The Wanderings of TJlyieeB, — Crown Bro. St. W 

NATURAL HISTORY, BOTANY, & GARDENING. 
ADen'i Flowers ud their Pedigreea. Grown Bto. Woodonta, St. 
Deoaiana end La Maoat't Qenemt System of Botany. Imperial Bro. tilt. Oi 
Diion'n Bm-»1 Bird Lite Crown S» ~ 
Hsitwifa Aarlal World, Bro. 10*. Id. 

— Polar World, 8ro.10i.td. 

— Bea and lmUrlrig Wonders. Sn.10l.td. 

— Tropfaal World, Sto. 10* *d. 
Idiidlsy's Treasury of Botany. % Tola. fop. Bto. 111. 
London's Baoyoloporfi* of Gardening. Sto. Sit. 

— — Plants. 8vo.Ui. 
Btrenrs Orahard House. Grown Bto. Si. 

— Minlntora Frnlt Garden. Fop. 8m ii, 
Stanlaj's Familiar History of British Birds. Grown Svo. It. 
Wood's Blblo Anhnale. With US Vignettes. Bto. lOt.dd. 

— Common British IoeeoOi Crown Bro. la, M, 

— Homes Wituont Hands, Bro. 10s. M. 

— Inaaota abroad, Bro. lOi. Sd. 

— Horse and Ifan. Bto. Hi. 

— Insets at Home. With 700 ninstrstlom. Bro.lOs.dd. 

— Ont of Doors. Crown Svo. 6i. 

— Patsand Bsrlatted. Crown Bro. 7 1. ad. 

— Btrantja Dwolllnffa. Crown fro. fit. Popolar Edition, 4to. M. 
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— — — Monaetla Orders 1 tOL 111. 

_ — — Salute mil Martyrs. 1 Toll. Bit M. 

— — — Saviour. Completed by Lady HinileVe. 3 voli. Ui. 
UaowiliT'i Lays of Ancient Borne, illustrated by Scharf. Pop. *lo. 10). M. 

The nine, with /Bryiudtt* Jnnaiia, EJluatrftlftlljy Wegimlln. Crown Bvo.Sj.tif. 
New Testament (Tin) illustrated villi Woodente after Paintings by the Early 



By Dr. G. Hnrtwlg. 

Sea Monstera mid Sn Birds (from 'The 

3 'M Liying Wondere '). With 



Illoitratlone. Crown Sro. If. M. oloth 
IrotJo Bef 

With 2fl niiHtretilons. Crown siu. 

■ii. td. cloth e ma, gilt edjies. 
Winged Life in ths Troploi (from ' The 

Tropical World'), With II JJlnetm- 

tioni. Crown Sro. li. M. oloth extra, 

gilt edges. 
VolearjOBs and Xarthqnakw (from 'The 

Subterranean World'). With 30 

Illustrations. Crown Bto. If. ad. 

cloth ems, gilt edge*. 
Wild Animals of the Tropic* (from ' The 

TropioalWorld'). Witt W ninstra- 



By the Ber. J. &. Wood. 
The Branch Boilden (from ' Homee 
without Handl'). With 2a Illuatra- 
tlona. Crown 8 --.-■• 



rntadge*. 

M AnTnuJi of th 



r the Bible (from 'Bible 
Anlmala'). With 34 Illustratlone. 
Crown Bvo. If. Id. cloth extra, gilt 



•Bible Animals'). With IB 



Ulna- 



Bird life of the Bible (from 'Bible 
AnimalO. With 13 illustrations. 
Crown 8to. Si. Ad. cloth extra, gill 

Wonderful Noste (from ' Homes wlth- 

Orowa Syo. if. id. oloth extra, gilt 



CHEMISTRY ENGINEERING, £ GENERAL SCIENCE 

krnottfi Element* of Physio* or Natural Philosophy. Crown Bm 111, ad. 
Barntt'i English Oleee and Part-Songa: their Historical T 



.te In the Bt 



n Engine. lop. Bto. If. 



Bnokton'i Onr Dwellings, Healthy and Unhealthy. Crown em. Si. id. 

[> The Das Engine. With Illustrations. Crown 8m It. td. 

ikee's Solas Methods in Chemical Analysis. Bto. Ma. 
Cnueya Handbook of Pnvatioal Telegraphy. 8m lBf. 
rVrbalrn'i Useful Information for Engineers. B Tola, crown Bto, elf, id. 

— Mills unil Mill work. lTDl.BTO.Ma, 
Qanot'i Blementnry Treatlae on Phyiiw, by Atkinson. Large crown Bto. IS. 

. natural Philosophy, by Atkinson. Crown Bto. 7i , ao\ 
Grove's Correlation of Phyalonl Force*. Sro, 15a 
Haughton'i Six Leoturce on Physical Geography. Sro. 1 Ji. 
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m of Tons, Ho jul S vo . JSi. 

H.eiitfno Subjects, 1 roll, orown Bto, Tj. M. ee 

sndGoeee'i Tin HoUfere or 'Wheal A: 

rata, - psrii. (to. ioj. W. each. Complete, I Tide. 4to. £1. 10 
KnLWi Leotoree ob the BUtorr of Modern Marin. 8*0. Si. M. 

— Tranettion Period of Mmbsl History. 
JsciwWs Aid to A ~ 



Jeans' Ballwar PtooIcbi*, 8m. 1!j. 64 

Kolbe'i Bhort Text-Book of Inorganlo Chemistry. mown Bto. 7i. M. 

Lloyd's Trentta on MsgneHsni. 8m. lot. M. 

lfacaliiter'i Zoology and Morphology of Vertebrate *" <"■»'■ Bto, 10s. U. 

ltsofsnen'! Lectures on Harmony, Sro. 1 Si. 

Miller's Element! ot Chemistry, Xheorotioal end Praotloei. 8 vols. Sro. Fart I. . 

Chemldal physics, ISj. Fart IL Inorganic Chemistry, Hi. Part III. Organic 

Chemistry, prfoe 811. M. 
Mitchell's Manual of Practical Assaying. Bto. SI.. M. 
Hoble'i Hours with ■ Three-inch Telescope. Crown Sto. it. Bd. 
Northontfi Lathee ud Turning, in. lit. 
Owen*! Compersliie Anatomy ud Physiology of the Vertebrate *jj— ll 

8 vole. Sto. 73j. Bd. 
Please'! Art of Perfumery. Square crown 8fo. 21 j. , 

Klchlrdsoo'e The Health of Nations ; Works ud Life of Edwin Ohidwtek, C.B. 

II0Ut.8TO.sat. 

— The Oommonhc&lth ; a Berlee of Eemyt. Crown Bto. Hi. ■ 

BnlwUin'i Spectrum Analysis. Sro. 81s. Bd. 
Bennett'! Treatise on (he Merino Steam Engine, Sro. Sli, 
Smltta'i Ail ud Bain. 8to. 'Hi. 

Btoney'i The Theory of the Straws on Qlrden, Ac. Royal Sto. Sol 
TUdec'l Fnotjoal GhemliOy. Fop. Sro. I>. fd. 
Tynaall'i Faraday aa a Uisoovnrer. Orown Bto. 3/. Id. ; 

— Flneting Matter of the Air. Crown Sro. Tf . M. 

— Fiagmenta of ftefenoe. a TO*, port 8to. 1«i. \ 

— Heat ■ Mode of Motion. Crown Sro. IS*. 

— Lecture* on Light delivered In America. Crown Bto. 6j. 

— Lessens on Electricity. Crown Bto. it. M. 

— Nolo on Electrical Phenomena. Crown Sro. It. sewed, li. Bd. oloih. | 

— Notes of Leotatw on Light. Crown Sro. If. sawed, li. Bd. cloth. 

— Sound, with Frontispiece end 908 Woodcuts. Crown Sto. IGj. 64. 
Watte*! Dictionary of ChemistTy. > Tola medlnm Sro. JE1C. Si. M. 
WUaon'l Manual of rleatth-BoienoB. Crown Bto. Si. Bd. 

THEOLOGICAL AND RELIGIOUS WORKS. 
Arnold's (Bar. Dr. Thomas) Sermons. 8 Tola, crown Sto. Si. each. ' 

Boultbae'e Commentary on the 89 Artlclee. Crown Sto. 6*. 
Browned |BhUH>p) Exposition of the 3» Artiolee. ttvo. ]«i. 
Bnllinger'i Critical Lexicon and Concordance to the Sogliih end dree* Hew 

Testament, Boyal Bto. 15j, 
Oolenao on Che Pentateuch and Book of Joshua. Crown Sto. Si, 
Conder 1 ! Handbook of the Bible. Post Sto. Tj. Bd, 
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General Lists of Worki. 



library Edition 

Bro.Slt. 
Student' h Edition, rolled and tautami, with « Blutntlcna at 



— Prophecy ud History In relation to the Hessieh. five l*j. 

r's (Bishop) Commentary on fit. Paul's Kpiitloa. 8m. Corinthians I. 

,..,._. . ». „_,.__,___ „. -., «— --- aiBpirtla* 10J.BJ. Philipplans, 



i — History of IraapJ, translated by Carpenter & Smith. 8 tots. Im, Toll, 
1 * 1, Ma Tola. I at t, ill. Vol. S, 1S>. Vol. a, let. Vol. I, " 
Vol. 8, lit, 

! Hohwt'u Ifedloal rjinnniKP! of 6t. Luke. «ro.18l. 

I HopHna's Christ the Consoler. Fop. Bvo. It. ti. 
Jukei's New Ku and the Eternal Life. Crown Bra. IU. 

— Second Death and the Restitution of all Thlnge. Crown Bto. it. td. 

— Typea of Gemots. Crown 8to. Ti. Bd. 
I — The Mystery of trie Kingdom. Crown 8*0. Sa td. 

LenannanCi New Tranilatlonef the Bookof Oaneala, Translated Into Bngheh. 
! 8to. 10/. M. 

I T.yra Gennanloa : Hymni translated by Ml™ Wlnkworth. Pop. Sto, Si. 
! Meodouald'i (O.) Unspoken Sermoni. Two aeries. Crown Sto. It. fid. each, 

— Tbe Mireol™ of oar Lord. Crown Sto. Si. fid. 

i Manning 1 ! Temporal Miwlon of the Holy Ghmt. Crown Bto. 8jl fid. 
1 Martinoan's Bnde&TOare after the Christian Life. Crown Rvo. It. «d. 

— Hymns of Praise and Prayer. Crown Sto. it. fid. 8Vmo, It. Bd. 

— Sermons, Bonn of Thought on Sacred Tilings. 1 role. 7>. td. euh. 
WonBoll'a Spiritual Bongs for Sundays and TYolidaya. Fop.ero.eL lino. Da. 
MWIcrt (Mai) Orbjln end Growth of BeHjrloll. Crown Svo. It. fid. 

— — Science of BeHgton, Crown 8ro. It. fid. 
Bowmen's Apologia pro Vita Sua. Crown Sto, or. 

— The Idea of a Tjurrenrity Defined and Dlnatrntsd. Crown Bto. It. 

— Historical Sketches. 1 Toll, orown 8to. Si. each. 

— DiscnmlonB and Arjfomenta on Varlom Sabjeobs. Crown Bto. 8i, 

— An Esat on the Development of Christian Doctrine. Crown 8*o. Si. 

— Certain Difficulties Pelt by Anglicana In Oatliolie Teaeliliw Oon- 

aldered. VoL 1. orown 8vo. It. fid. VoL J, crown Sto. St. id. 

— The Via Media of toe Anglican Church, Illustrated In Lectures, *o. 

3 Tola, crown Sto. It. each 

— Issayl, Orltlod and Hlstorlnal 1 Tola, orown 8*0, lie. 

— Sways on Biblical and on EccteOantleal MlraolM. Crown Sto. Ej. 

— An Essay In Aid of a rammer of Assent Ti. Bd. 
O*erton^UfamtlieBngllih0hnrah(l«<u-1714). Sto. 111. 
Supernatural Religion. Complete Edition. I vols. Sto. 86i. 
Tmmghnsband'i Tho Story of Oar Lord told In Simple Language for Children, 

Illustrated. Crown Bro. It. id. cloth plain ; It. fid. doth extra, gilt edgea. 
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10 General Lists of Work*. 

TRAVELS, ADVENTURES, <Vc. 
Baker's Sight Years in Ceylon. Grown Svo. St. 

— Bine and Hoond In Ceylon. Crown Svo, Is. 
Braseey's Snnshine and Storm In the Bast. Library Edition, Svo. Ill, Cabinet 

Bdition, crown Svo. Ti. id. Popular' Edition, 4to. Sri. 
— Voyage in the 'Sunbeam.' Library Edition, Sto. fU Cabinet Bdition, 
crown Sto. Ti. Sd. School Bdhlon, fop, 8to. U. Popular Edition, 

I ' Bearing ForUoa.' Library Wit 



Frondea Oceana ; or, England ai 



h«T Colonies. Grown Svo. Ji. buarda ; Si. 6c 



Howitt'i VietM to Remarkable Place*. Crown Svo. 7i. id. 
Ililey'a Athos ; or, The Honntain of 6he Monka. Svo. lift 
Three in Norway. By Two of Them, Illustrated. Crown Svo. Sj. boa] 
Si. Sd. sloth. 

WORKS OF FICTION. 

(The Bar] of) Novell and Tales. Hnghenden Bdition, with 1 

PortialtaonBteslandll Vignette* on Wood. 1 1 vols, orown Svo. £S. *». 

Cheap Bdition, 11 vols, orown Svo. li. each, boards ; li. id. eaoh, cloth. 

Lothair. | Contarinl Fleming. 

Sybil Alroy, Lrion, fee 

Coningiby. The Yonng Dnke, fee 

Tenored. Vivian Grey. 

Venetia, Kndyoilua. 

Henrietta Temple. I 

Brabonrne'i (Lord) Friends and Foes from Fairyland. Orown Svo. If. 

Daddy's (Mrs.) Through the Field* with Ltnaani : a Chapter m Swedish History, 

Gllhes' Boya and Hasten. Grown Svo, Br. M. 

Haggard's (H. Bldar) She: a History u( Adventure. Crown Svo. it. 

— _ Allan Quatennalu. Illustrated. Crown Svo. Si. 
Harte (Bret) On the Frontier. Three Btorias. Unto. U. 

— — By Shore and Sedge. Three Buries. lGmo. li. 

— — In the Oamninea Woods. Crown Svo. Li. boards ; li. Od. cloth. 
Lyell's (Edna) The Autobiography of B Blander. Fop. Ir. sewed. 

Melville's (Whytc] Novels. * vols. fcp.Bvo.li. each, domjub; li.fld, eaoh, cloth. 
Dlgby Grand. ] Good for Nothing. 

General Bonnoe. Holmhy House. 

Kate Coventry. The Interpreter. 

The Gladiators. I The Queen's Maries. 

Moleswortb's (Mrs.) Marrying and Giving in Marriage. Crown Svo. Si. Id. 
Novels by the Author of ' Toe Atelier dn Lys ' : 

The Atelier da Lya ; or, An Art Student la the Beigo of Terror. Cro 

Svo. 4j. Sd. 
Mademoiselle Mori: a Tale of Modem Homo. Crown Svo. la. id. 
In the Olden Time : a Tale of the Peasant War in Germany, Crown Svo. S*. 
Heater's Venture. Orown Svo. a.. M. 
OUphant's (Mm.) Madam, Crown Svo, If. boards ; If. id. cloth. 

— — Id Trust : the Story of a Lady and her Lover, Crown Bvo. 
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General List*, of Worki. 



Payn's (Junta) The Lnok of the Darrells. Crowi 
— Thicker than Water. Crown Svo. 
Vs Fairy Prince Follow-niy-Lesd. OnwnSTa.3f.Sd. 

The Ghost of Branklnshiw ; eud other Tnlos. Pap. Bra. 3<. Dd. 
Bewell's (Hiss) Btorles sod Tales. Crown Sto. Ii. tua, boards j la. Id. cloth 
ti. «d. cloth extra, gilt sigoa. 

Amy Herbert, Cleve Hall. | A G limpee of the World. 

The Earls Daughter. Katharine Aalitm. 

Experience of Life. Laneton Piirsanaffe. 

Gertrude. iTora, | Hargaret Peroival. Urmia. 

Wanton 1 ! (E. L.) The Dynamiter. Fop. Sto. 1* sawed; li. ed. cloth. 

— — Strange Cue of Dr. Jekyll and Mr. Hide. Fop. Sto. Ii 



The Warden I Barohester Towera. 

POETRY AND THE DRAMA. 

Armstrong's (Ed. J.) 1'oettosl Works. Fop. Sto. o>. 
(ft. F.) Poetical Works :— 

is, Lyrical and Dramatto. Fop. I King BanL Pop. 9 vc. Is. 

j. 6j, King David. Fop. Bto. ti. 

o : a Tragedy. Fop. Sto. 6j. King Solomon. Fop. Byo. Or. 

■land from Greece. Fop. 8mSi. | Stories of Wioklow. Fop. gro. 

Harrow Songs and other Verges. Fcp. gro. SI. Bd. ; or printed on 

.made paper, ti. 

Bowdler'a Family Shakespeare. Medium gro. lti. B Tola, fop. gro. JIj, 
Dante's DiTine Comedy, translated by James Innee Minchin. Crown gro. lti. 
Goethe's Faust, translated by Birds. Large crown Sto. 15*. Bd, 



p. Sto. it. Bd. cloth, plain ; Si. cloth, 

Maceulay's Layt of Ancient Rome, with irry and the Armada, Elnstrated h; 
Wagnelln. Crown Sto. At. (M, gilt edges. 
he uma, Popular Edition. niBstrated by SoharL Fcp. 4to.Cd.swd.,1j.cloth. 
Nesblt's Lay« and Legends. Crown gro. Is. 

Benders Voices from Flowerland, a Birthday Book, 3j. 14. cloth, !li. ad. roan 
feather's PoaUcstl Works. Medium Hro. 14i. 

A Olilld'i Garden of Versos. Fop. Sto. Si. 
Virgil's Annul, translated by Oonlngton. Crown Sto. Sj. 
— Poems, translated Into English Prose. Crown gro. Hi. 

AGRICULTURE, HORSES, DOGS AND CATTLE. 

Fltawygram's Horses and Btablea. BTO.es. 

Lloyd's The Science of Agraonltnre. Sto. 12a. 

London's Encyclopaedia of Agriculture, Sis. 

- si's Diseases of IbtOx, a Manual of Borins Pathology. oVo, lea, 
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Owners! Liiti of Work.. 



In Health and Disease. BqunanwnBTa.7i.td. 

— Greyhound, Sqain crown Bto. M*. 

Taylor's Agrionltnrs] Note Book. Fop. 8ra. Si. «, 
ViUe on Antfaud Minn™, by Orookoe. Bid. 111. 
YsaUf i Wart an the Dof. Bto. as. 
— — — — Huh. Bio. 7«. M. 

SPORTS AND PASTIMES. 

Tin Badminton Library of Sport* ud Faatfmet, Bdtted bytheDukeof Besnfort 
Mid A . B. T. Watson. With nomcrons Itjaitmclona. Cr. Bto. 10t. 8d. well. 

RodiiK. by the 

Shunting, by Lord Waleing 

Cycling. By VI *■■"■-■ 

Campbell- Walker's Correot Curd, or 

Ford's Theory and Practloe ol Archery, revised by W. Boot. Bto. Jit. 

("rands'! Treaties OH Fishing in all its Branch™. Foot Bto. 15'. 

Longman's Ohesa Opening!. Fop. Bra. Sf. *d. 
1 Fhes'i The Cleveland Hounds u a Trencher-Ped Pack. Ruyul Sto. IBs. 
; PokVe Theory o( Che Modsm MnUfla Game of Whist. Fop. Bto. St «d. 

Proctor 1 ! Ho* to Play Whist. Crown Bto. (it. 
I Benalde'i Fly -Fisher's Bntomalogy. flvo. 141. 

Veraey's Chess Eccentricities. Crown Bto. 10«. M. 

WDcooka'e Sea-Fisherman. Prut a™, St. 

ENCYCLOPEDIAS, DICTIONARIES, AND BOOKS OF 
REFERENCE. 

Aotou's ¥odern Cooksry lor Private Families. Fop. Sro. U. M. 

Ayie's Tiessnry o( Bible Knowledge. Fop. Svo. U. 

Bnndt'l Dictionary Of Science, Literature, ud Art. > Tola, medium Bra. til. 

Cabinet lawyer (The). ■ Populu Digest ot the Ijren o! England. Fop. Bto. Si. 

Oates's Dictionary of General Biography. Medium Bio. 2Bt, 

Gwllt's auuyolopwdla of Amhiteotore. Bto. tit. id. 

Keith Johnston's Dictionary of Geography, or General Quetteer. Bto. Alt. 

K'OnUoch't Dictionary of Commerce and Commercial navigation. Bto. cm. 

Itannder'i Biographical Treasury. Fop. Bto. ti. 

— Hfatutoal Traaanry. Fop.S».si. 

_ Holontlflc and Literary Treasury. Fop. Bto. (a, 

— Treasury of Bible Knowledge, edited by Aym. Fop. 9vo. St. 

— Treasary of Boutny, edited by Lindley at Moore. Two Peru., lit. 

— Treasary of Geography. Fop. 8to. Bj. 

— Treasary of Knowledge and library of Beferenoe. Fcp. Bto. bj. 

— Treasury of Natural History. Fop Sto. 6j. 

Qnaln'e Dictionary ot Medicine. M [ilium Bto. sit. &£., or In 3 Tola. Ms. 
Beere's Cookery and Housekeeping. Crown Sto. It. M. 
Rioa's Dictionary of Roman and Greek Antiquities. Crown Sto. It. ti. 
Rogot's Theaannia of English Words and Phrases. Crown BTO. 10s. Sal. 
Wlllleh'i Popular Tabloa, by Marriott Crown Sto. IOi. Si, 

LONGMANS, GREEN, & 00., London and New York. 
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A SELECTION 

OF 

EDUCATIONAL WOEKS. 



TEXT BOOKS OF SCIENCE 



Abneya TreatUe on 



n Photography. Pop. 9to 
if Material*. Si. aJ. 
Armatrong'i Organic Cheniittry. Si. td. 
Hall's HlameDti of Astronomy. 61. 
Barry's Railnay Appliances. St. id. 
i'i Bystematlo 111 
Doaorlptlve H 
nd Huntington-! Metals, It. 
Glaaebrock'i Fhyeieal Optica. «>. 
Glasebrook and Shaw's Praotioal Phyaica. e>. 
Gore's Art of Eleotro-MetsJlnrgy. 61. 
Griffin's Algebra and Trigonometry. 3r. Gd. Notes a 
■'■ Tba Steam Bnglna. 6!. 
i'i Electricity and Magnetism. Bi. Bd. 
Maxwell's Theory of Heat. Si. id. 
Merrifleld's Technical Aittbmetlo and Mensuration. 
Milter's Inorganic Chemistry, Si. Id. 
Preen and taVewrfght's Telegraphy, or. 
Batlej'i Study of Books, a Tent-Book of Petrology. 
.honey's Workshop Appliances, ii. id. 
Thome's Structural and Physiological Botany. Bi. 
Thorpe's QnantitatiinOheniioal Analysie. it. td. 
Thorps and Mnlrt Qualitative Analysis. St. M, 
Ttlden's Chemical Philosophy. kU With Amwoi 
TJnwin'e Elements of Wanhins Design. 61. 
'a Plane and Bolid Geometry. It. ii. 

THE GREEK LANGUAGE. 

.eld's College and School Greek Testament Fop. Svo. Bi. 
Bolland * Lang's Politics ol Aristotle. Boot Sto. U. td. 
Collle'i Criiel Tonnes of the Graoi Irregular Verbs. 8so.lt 

Pontes Oneed, Stepping-Stonc to Greek Grammar. 12mo. Si, td. 

rrails Gran, Etymology, llmo. 3i. td. 

Greek Tens-Book, Flute Iamtriaa. llmo. 4i. td. 
hrar'i Brief Greek Kyntai and AooUenos. llmo, Is. 3d. 

— Greek Grammar Boles for Harrow School, lamo, Li. ed. 
Gesre'i Hotee on Thncydidee. Book I. Frrp. gro. it. id. 
Hewitt's Greek Bisminstion- Papers, llmo. It. td. 

Anabasis, Books I. to HI. with Kotos, l3nio.tt.td. 
Jerram'a Graeoe. Reddendo. Orown Bto. it. td, 
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Problems, it. id. 
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A Selection of Educational Work*. 



Kennedy'i Creek Grnmraar. limn. fa. td. 
L>addl4Scott^Bc«li«h-GreekLei[oon 4t. 
-jfcarlY'iClnastoalOraeklJtmtBre. down 

1m, td. 

Morrias Greek Lee*™. Square 18 mo. Put I. St. Id, ; Fart LL U 
~ -y't Xlemantary 3-reok Grammar. 15mo. St. 6d. 

PIaIo'h HapubUo, Book I. Greek Tort, En|di»h Not« by Hardy. Grown »TO 
Hhepnard and liurt riot-* on Thncydidea. Crown Sto. Ti. td. 
Thnoyaldin, Book IV. with Noim by Barton and ChaTniise. Grown Sto. ii. 
Vupf'i Qrsek Deleotraa, lmproTed by White. llmo.lj.Sii. Kfj.5i.6d. 
Whlta'a Kenophon^ Hipedltton of Oyrcn, with Engllah Hotea. lSino. Ti. M 
WllHn*> Mi^cj.1 nf Grwk Pmae Oompoaltlnn. Crown Sto. «(. Key, fa. 

— jownlaal In Greek Prose Composition. Crown Bvo.lt Sd. Key,2i.sd. 

— How Greek Delectus. Crown Sto. Si. W. Key, !'. Si. 

— Progressive Greek Delectus. lSmo. fa. Key, Is. Sd. 

— Progressive Greek Anthology. Umo. St. 

— Boriptores Attiti, Broerpts with English Holes. Crown Sto. It 

— Speeches from Thnoydldes translated. Fort Sto. fa. 
Tongs'! Bngliih-Crreek Lexicon, ito. SU ; Square llmo, Si. id. 



THE LATIN LANGUAGE. 

Bradley 1 ! Latin Proee gierclam. ]»mo. St. Sd. Key, St. 

— OonHnnou Lasrani In Latin Prose. Unw. Hi. Key, u. Sd. 

— Cornelius Nepoa, lmproTed by White, llmo. St. Sd. 

— Kntroplns, improved by White. Umo. -is. Ad. 

— Ovid's Metamorphoses, lmproTed by Wnlte. Umo. fa, Sd. 

— Select Fables of Fossdrus, improved by While. Umo. Si. Sd. 
tollla's Chief Tenses of Latin Imgtilsr Verbs. Svo.lt. 

— Pontes Latfnt, Stepping-Stonc to latin Grammar. Umo. St. Sd. 
Hewitt's Latin Emnhutloa-Fapen. llmo. In, Id. 

iter's c™r, Books I.- vn. Umo. fa. ; or with Bending Leans*, fa. Sd. 
Oxnr'i Commentaries, Books L-V. Umo. Bt. ad. 
Pint Book of Cawar's Gallic War. limo. ll. ed. 
Jcrrsm'i Iatine Beddenda. Crowd Sto. It. Sd. 
[enneiy's Child"! I*Hn Primer, or First I*tln Lessons. Umo. St. 

— Ohllda Latin Accidence. Umo. It. 

— Kkmrnitary Latin Grammar. Umo. Si. Sd. 

— momentary Latin Beading Book, or Tirocinium Latlnnm. Umo, it. 

— Latin Prose, Fauestra Still Lstini. Umo. fa. 

— Latin Vocabulary, ltmo. Si. td. 

— SubriJlaPr[mar!tt,Bierolse Books to the labile School lailnPrlmsr. 

L Accidence and Simple Construction, at Sd, IT. Syntax, Si. Sd, 

— Key to the RxaRdss! In Snbaldla Primarla, Parte L nnd;IL prloe St. 

— Bnbaldla Primarla, III. the latin Oomponnd BsnMnoe. Umo. It. 

— Onrricalnm Still LaUnL Umo. fa. Sd. Key.Ti.Sd.' 

— Palestra Latins, or Second Latin Beading Book. 1 Tmo. fa. 
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